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DISEASES OF BLOOD-VESSELS 



THROMBOSIS 

Definition. — A thrombus is usually defined as a blood-coagulum, formed 
in the heart or vessels during life. This definition applies to most 
cases ; but, in order to meet the objections of those who do not concede 
that all thrombi are genuine coagula, and to give due prominence to the 
participation of blood-platelets and corpuscles, a thrombus may be more 
broadly defined as a solid mass or plug formed in the living heart or 
vessels from constituents of the blood. Thrombosis is the act or 
])rocess of formation of a thrombus, or the condition characterised by its 
presence. 

Structure of thrombi. — The formed elements which may enter into 
the composition of fresh thrombi are blood-platelets, fibrin, leucocytes, 
and red corpuscles. These elements may be present in varying number, 
proi)ortion, and arrangement, whence there results great diversity in the 
appearance and structure of different thrombi. 

The two main anatomical groups of thrombi are the red and the 
white thrombi. Many of the mixed thrombi may be regarded as a 
variety of the white thrombus. In addition there are thrombi of 
relatively minor importance composed wholly or chiefly of leucocytes, 
of fibrillated fibrin or of hyaline material. 

Red thrombi, — These are formed from stagnating blood, and in the 
recent state do not differ in appearance and structure from clots 
formed in shed blood. They are made up of fibrillated fibrin and of 
red and white corpuscles in the same proportions as in the circulating 
blood, or the white corpuscles may be somewhat in excess. If any part 
of such a red thrombus be exposed to circulating blood, white material, 
consisting of platelets with fibrin and leucocytes, is deposited upon it. 
This deposit may aid in distinguishing the thrombus from a post-mortem 
clot. 

WhUe and mixed thrombi, — Most thrombi are formed from the circulat- 
ing blood, and are white, or of a mixed red and white colour. The 
white or gray colour is due to the presence of platelets, fibrin, and 
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leucocytes, occurring singly, or, more frequently, in combination. Th«' 
admixture with rod corpuscles is not an essentiiil character of the 
thrombus, although it may be sufficient to give it a predominantly red 
colour. 

Fresh white human thrombi, when examined microscopically, are 
seen to be composed of a granular material, usually in islands or strands 
of varying shape and size, around and between which are fibrin and 
leucocytes wilh a larger or smaller number of entangled red corpuscles. 
The granular matter, to which the older observers attached comparatively 
little importance, and which they interpreted as granular or molecular 
fibrin or the detritus of white corpuscles, is now known to be an 
essential constituent of the white thrombus, and is composed chieSy of 
altered blood-platelets. Intact polynuclcar leucocytes are usually 
numerous in the margins of and between the masses of platelets, and 
may be scattered among the individual platelets. Not less important 
is the Ubrillated hbrin, which is generally present in large amount. It 
is particularly dense in the borders of the plate let-maases, and stretches 
between them in anastomosing strands, or as a finer network containing 
red and white corpuscles. Within the accumulations of platelets in 
fresh thrombi fibrin is often absent, or is in small amount. These various 
constituents of the thrombus often present a definite archilfictural 
arrangement, and soon undergo metamorphoses which will be described 
subsequently. 

Thrombi of the kind just described, and as we find them at autopsies 
on human beings, are completed products, and it is difficult, indeed 
generally impossible, from their examination to come to any conclusion 
as to the exact manner of their formation ; particularly as regards 
the sequence and relative importance of their difTerent constituents. 
So long as the knowledge of the structure of thrombi was limited 
to that derived from the study of these completed plugs, the coagu- 
lation of fibrin was generally believed to be the primary and essen- 
tial step in their formation; although Virchow pointed out the greater 
richness in white corpuscles as a feature distinguishing them from post- 
mortem clots. 

Zahn, in 1872, was the first to make a systematic experimental 
study, mainly in frogs, of the mode of formation of thrombi. He came 
to the conclusion that the process is initiated by the accumulation of 
white corpuscles which, by their disintegration, give rise to granular 
detritus. This is quickly followed by the appearance of fibrin, which 
was readily accounted for by Weigert on the basis of Alexander 
Schmidt's well-known suggestion of the origin of fibrin ferment from dis- 
integrated leucocytes. Zahn's views, anticipated in part by Mantegazza 
in 1869, and confirmed by Pitres in 187C, gained prompt and wide 
acceptance. 

Continued experimental study of the subject, however, especially 
upon mammals, led to opposition to Zahn's conclusions, and favoured the 
opinion, now generaUy accepted, that the ordinary white thrombus starts 





aa an accumulation not of leucocytes but of blood -platelets. The 
investigators chiefly conc;erned in the establiBfament of this doctrine are 
Oaler (1881-82), Hayem (1882), Bizzozero (1882), Lubnitzky (1885), 
and Eberth and Schimmelbusch {1885-86). 

There is no difficulty in producing thrombi experimentally by 
injury, either mechanical or chemical, to the vessel-wall ; or by the 
introduction of foreign bodies into the circulation. If the early for- 
mation of such a thrombus be observed under the microscope in the 
living mesenteric vessels of a dog, as was done by Eberth and Schimmel- 
busch, it is seen that the first step consists in the accumulation of blood- 
platelets at the seat of injury. These plates, in consequence of their 
viscous metamorphosis, at once become adherent to each other and to 
the wall of the vessel, and thus form plugs which may be subsequently 
washed away into the circulation, but which sometimes so increase in 
size as to olratruct the lumen of the vessel completely. Ked and white 
corpuscles may be ineludeil in the mass of platelets; but their presence 
at this stage is purely accidental ; they are not to be regarded as 
essential constituents of the thrombus in its inception. 

The microscopical examination of young experimental thrombi 
confirms the results of these direct observations, and affords information 
as to their further development. To obtain a clear idea of this develop- 
ment, thrombi should be examined at intervals of minutes from their 
beginning to those half an hour old or older. I reported the results 
of such an exjierimental study in 1887. The material composing 
the youngest thrombi formed from the circulating blood appears 
macroecopically as a soft, homogeneous, gray, translucent substance of 
viscid consistence. Microscopically it is made up chiefly of platelets, 
which aro seen as pale, round, or somewhat irregular bodies, varying in 
size but averaging about one-quarter the diameter of a red corpnscle. 

Leucocytes, which may bo present in small number at the beginning, 
rapidly increase in number, and within the first fifteen minutes to half 
an hour they are usually in such abundance that at this stage of 
its formation they must be considered an essential constituent of the 
thrombus. They t«nd to collect at the margins of the platelet-masses 
and between them. These leucocytes are nearly all polynuclearj and 
usually present no evidence of necrosis or disintegration. 

With the accumulation of leucocytes, fibrillated fibrin, which at first 
was absent, makes its appearance; being, as pointed out by Hanau, 
especially well marked and dense in the margins of the masses of 
platelets. Within these masses it is usually absent. The rapidity with 
which leucocytes and fibrin are added to the masses of platelets varies 
much in ditferenl cases. At the end of half an hour the thrombus may 
be composed of platelets, leucocytes, and fibrin with entangled red 
corpuscles, in essentially the same proportions and with the same 
arrangement as in the human thrombi already described ; or even after 
aeveral hours it may still consist almost wholly of platelets. 
^b The prevailing view is that platelets exist in normal blood, where 



they i:ircukte wUh the red corpuscles in the axiiU current. In 
accordance wilh this view, many obaervers, following E berth and 
SuhiromelbuBch, explain the beginning of a. white thrombus by the 
accumulation of pre-exiating platelets upon a foreign body, or, in con- 
sequence of Blowing or other irregularities of the blood-flow, on the 
damaged inner wall of the heart or veseels. Contact with the abnormal 
surface sets up an immediate viscous metamorphosis of the platelets, 
- whereby they adhere to each other and to the foreign body or vascular 
wall. Eberth and Schimmelbusch designate this process as conglutina- 
tion, and distinguish it sharply from coagulation, which they regard as a 
later event in the development of the thrombus. 

Those who hoid with Lowit, that platelets do not exist in normal 
blood, believe that they are produced at the moment of formation of the 
thrombus, as the result of injury to the blood ; and many who believe 
that they are in normul blood not as independent elements, but as 
derivatives from leucocytes or red corpuscles, consider it probjible that 
those in the thrombus are formed, at least in part, in consequence of 
such iiijiiry. Although there are observations which suggest that 
platelets may bo derived from leucocytes, there is no evidence that 
the masses of platelets found in incipient thrombi come from leucocytes 
previously attracted to the spot. 

Strong evidence has been recenlly presented, by Arnold, F. Miiller, 
and Determann, in favour of the origin of platelets from red corpuscles. 
Wlaasow, working in Ziegler'a laboratory, finds that the white thrombus 
is formed primarily by the destruction of red corpuscles, and is com- 
posed at the very beginning of shadows of red corpuscles, coqiuscular 
fragments both with and without faiemoglobin, granular material and 
platelets of nucleo-proteid substance; all derived from disintegrating 
red corpuscles. A similar view is entertainetl by Mosso, Klebs, Arnold, 
Ziegler, and F. Miiller. 

The accumulation of leucocytes in the young thrombus may be 
explained partly by mechanical causes, — the most evident being the 
projecting, irregular, sticky substance of the platelet masses associated 
with slowing and eddies of the blood-stream, — and partly by chemiotactic 
influences. 

Whatever difficulties there may be, in accounting for the fibrin, relate 
to the general subject of coagulation of the blood (see Professor 
Foster's article in vol. vi. p. 403) rather than to the special conditions 
of the thrombus. As to the participation of platelets in the production 
of fibrin, opinion is divided ; and upon this point the study of thrombi 
has not afforded conclusive evidence one way or the other. The usual 
absence of fibi-in within the platelet masses for a considerable time after 
their formation may be thought to speak against the generation of 
fibrin-fermont by the platelets. But if, as is probable, the platelets 
contain micleo-proteid, it would be reasonable to suppose, in accordance 
with current physiological ideas, that they can yield one of the fibrin 
factors ; and it may be that in these compact musses there 
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enough fibrinogen furnished by the plaema to generate an appreciable 
amount of fibrin. The L-haracteristic dense ring of fibrin immediately 
around the platelet masses, where there is abundant Gbrinogen, could be 
interpreted in favour of the liberation of fibrin-ferment by the collected 
platelets. By the time, however, that the fibrin ajipeara, leucocytes 
have also accumulated in the same situation ; and they, either alone or 
together with the platelets, may be the source of the ferment; although, 
as alre»dy stated, the leueoc-ytes in young thrombi gooeraUy show 
apparently intact nuclei and cytxiplasm. 

Does the recognition of the described mode of development of a 
white thrombua necessitate a radiuil break, such as that made by Eberth 
and Schimmelbuach, with the old and still common conception that a 
thrombus is essentially a blood c<Mguluni 1 This question applies only 
to the first stage of formation of a white thrombus, for the completed 
thrombus is undoubtedly a coagulum. It is, however, of both scientific 
and practical interest to in<]iiire whether cotigulative phenomena usher in 
the protioss of thrombosis or are merely secondary. A decisive answer 
to this question cannot be given until we are better informed than at 
present concerning the chumistry and moriAology of cuagulative pro- 
cesses, and the source and jiropertiea of the granular material constituting 
the youngest thrombi. The possibility that this material is already 
coagulatetl, and falls into the category of the coagulative necroses, h^ 
been suggested by Weigort ; but without any proof of this view. There 
is greater probability that the accumulation and metamorphoses of the 
so-called platelets in begiiuiiiig thrombi represent a preparation for 
coagulation or a first step in the process. As Hammersten has pointed 
out, two chemical phases are to be distinguished in the process of coagu- 
lation ; namely, the formation of fibrin ferment from its zymogen, and 
the transformation of fibrinogen into fibrin under the influence of this 
ferment. Morphological phases may also be diatingiuEhed, and the 
platelet stage of thrombus formation may be interpreted as the first 
morphological phase of coagulation in circulating blood. According to 
Wlaasow a similar morphological phase may be recognised in the clotting 
produced by whipping shed blood. It would lead too far afield to 
enter here into a discussion of the arguments in favour of this view ; 
but much in its support is foimd in recent chemical and morjihologieal 
studies of extravascular and intravascular coagulation, and of the 
anatomical and chemical characters of blood platelets.^ It does not 
appear, therefore, that we are called upon at present to make any such 
radical revision of the traditional conception of white thrombi as 
coagida, as has been advocated of late years by some writers. 

Leui-Miftie IhronM. — As has alreiidy been explained, leucocytes, 
although they do not usher in the process of ordinary thrombosis, make 
their appearance at an early stage, and often accumulate in such numbers 
as to constitute a large [jart of the thrombus. My studies of cxperi- 
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mental and human thrombi haye led me to assign to them a more 
important part in the constmction of white thrombi than that indicated by 
Eberth and Schimmelbosch. Whether the r^olar mural white thnmibi 
ever arise as a collection of leucocytes, in the manner described by Zahn, 
is uncertain. Such a mode of development, if it occurs, is, I think, 
exceptional Intravascular plugs, however, occur, which are made up 
wholly or predominantly of polynuclear leucocytes. These are found 
mainly in small vesseb in acutely inflamed regions, where they are to 
be regarded as inflammatory and probably chemiotactic in origin. 
Leucocytic masses may also be found after death in small vesseb in 
leucocytluemia, and in diseases with marked leucocytosis ; but it ia 
probable that these are not genuine obstructing plugs. 

Purdy fibrinous thrombi. — As will be described subsequently, fibrin 
usually increases in amount with the age of the thrombus. The masses 
of platelets may be replaced by fibrin, and leucocytes may degenerate ; 
so that many old, unorganised thrombi consist of practically nothing but 
dense fibrin, in places hyaline. I do not, however, desire now to call 
especial attention to these old, metamorphosed thrombL 

One sometimes finds in inflamed areas, less frequently under other 
circumstances, the vessels, particularly those of small size, partly or 
completely filled with fibrillated fibrin, presenting such an arrangement 
and configuration as to indicate coagulation during life. Neither 
leucocytes nor platelets need take part in the formation of these 
plugs of pure fibrin, although sometimes they are present. K. Zenker 
has well described the microscopical appearances in these cases. Whorls 
or brush -like clumps of fibrin may spring at intervals from the wall of 
the vessel, where they are attached especially to necrotic endothelium or 
to points devoid of endothelium. The fibrin may be disposed regularly, 
often in stellate figures, around definite centres in which, perhaps, a 
necrotic cell or fragment, endothelial or leucocytic, or a clump of 
platelets can be demonstrated. The fibrin is often notably coarse. 
The affected vessels are not usually filled completely with fibrin, and 
they can be artificially injected. In croupous pneumonia such fibrinous 
masses are regularly present, both in capillaries and larger vessels of the 
hepatised area. These purely fibrinous coagula are of anatomical rather 
than clinical interest. 

Hyaline thrombi, — ^These are of more interest and importance than 
the purely fibrinous and leucocytic thrombi just described. The 
presence of hyaline material in old white thrombi will be spoken of 
subsequently. To von Recklinghausen we especially owe the recogni- 
tion of hyaline thrombi as a distinct class. They are found especially 
in the capillaries, but may occur also in the smaller arteries and veins. 
The capillaries are filled with a refractive, homogeneous, translucent, 
colourless or faintly yellow material, which stains well with Weigert*s 
fibrin dye. The same material may partly or completely fill the smaller 
arteries and veins. Balls, as well as cylindrical masses, of this hyaline 
substance may be found, especially in the cerebral vessels. 
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This hyaline ihrombosia bus been observed in a variety of conditions, 
partly general, partly local. It occurs especially in infective and toxic 
diaeaaea. Kriego found extonaive hyaline thrombosia in the small veaaela 
after freezing the rabbit's ear. Von Recklinghausen had previously 
attributed to this cause spontaneous gangrene of both feet occurring in 
an old woman who had aulTered repeatedly from alight frost-bitea ; and 
he likewise found the aame hyaline vascular plugs in cases of mortifica- 
tion following experimental ergotism. Ciipillary hyaline throraboaes 
are common in the lungs in pneumonia, and in hiemorrhagic infarcts. 
In general infective and toxic atatea they may be present in the liver, 
the lungs, and, above all, in the kidneys. 

The most striking examples of this form of thrombosis, with which 
I am acquainted, are encountered in the renal capillaries, chiefly of the 
glomeruli, of swine dead of hog-cholera ; or of animals infected with the 
hog-cholera bacillus. In extreme cases there is complete anuria ; and it 
may be impossible to force more than a minimal araounl of injecting 
fluid into the renal vessels. Sections stained with Weigort's fibi'in-stain 
look aa if the capillaries had been injected with Berlin blue. Kibbcrt 
found simitar hyaline thrombi in the kidneys of rabbits inoculated with the 
S. pyogenes aureus. I have repeatedly found them in various experi- 
mental infections, and in human infections. They occur in eclampsia. 
Bacteria are not necessarily present, so that toxins are probably the 
underlying causative factor, and for this there is experimental evidence. 

Klebs and others have thought that the hyaline material is derived 
from coalesced and altered red corpuscles. Red corpuscles may in fact 
be so crowded together, and apparently coalesced, as to appear as nearly 
homogeneous yellowish cylinders {globular stasis). The genuiue hyaline 
thrombi have the staining reactions of fibrin, and are often continuous 
with ordinary fibrillated fibrin in larger vessels. Transitions between 
fibrillated fibrin and the hyaline material can sometimes be seen ; but it 
is often impossible by any staining to resolve the latter into a fibrinous 
network. If the recent views previously mentioned concerning the 
origin of platelets from red corpuscles and the participation of these 
corpuscles in the process of coagulation bo accepted, there would he no 
difficulty in adopting Klebs's hypothesis as to the origin of hyaline 
thrombi from red corpuscles. Von Recklinghausen and Kriege find 
evidence that the hyaline subsfince is derived from leucocytes. 

Growth, Metamorphoses, and Org;anlsation of Thrombi. — Thrombi 
in their growth assume various characters to which special epithets are 
applied. A thrombus formed from the circulating blood is at first pari- 
etal or mural, but by continued growth it may fill the vessel and become 
an occluding or obstructing thrombus, A primitive or autochthonous 
thrombus, caused by local conditions, may be the starting-point of a 
continued or propagated thrombus, exteniling in the course of the throm- 
bosed vessel and perhaps into communicating vessels. A secondary or 
encapsulating thrombus is one which starts from an embolus of throm- 
botic material. A continued thrombus is also often spoken of as 
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Gecondary. Thrombi are, with rare exceptions, adherent, at least i 
places, to the wall of the vessel or the heart. Mural thrombi appe&T ' 
more or less flattened against the vessel wall, or they may project in 
a globular or polypoid form into the lumen. Their free surface is 
geaeraliy rough. Loose thrombi in the heart are called ball-thrombi. 

The thrombus grows in length chiefly in the direction of the 
current of blood ; but it may grow in the opposite direction. The intact 
and growing end of the thrombus is a flattened blunt cone, usually not 
adherent to the wall of the vessel ; it is sometimes compared in shape 
to a serpent's head. A venous thrombus extends iu the direction of the 
circulating blood, nob only as far as the next branch, but frequently a 
greater or leas distance beyond it, in the form of a mural thrombus. 
A thrombus is at first soft in consistence and moist; but by contraction 
and extrusion of fluid it becomes more compact, firmer, drier, and more 
granular in texture. 

Mural thrombi, especially small ones, such as fresh vegetations on 
the cardiac valves, may occur without any definite arrangement of the 
constituent elements. Such thrombi may consist almost wholly of 
platelets; but it is most exceptional not to find at least some admix- 
ture with leucocytes and fibrin coagulated intra vUam. 

The larger white and mixed thrombi often pre8er\t a typical 
architecture. The stratified structure has long been known and 
emphasised. More recently Zahn has directed especial attention to 
the rib-like markings on the free surfaces,' and Astboff to the internal 
architecture of white and mixed thrombi. Microscopical sections of 
these thrombi often show an exquisitely trabecular structure due to 
irregularly contoured, anastomosing columns and lamelte, of varying 
size and shape, which spring at intervals from the wall of the vessel and 
extend, usually in an oblique or twisting direction, toward the free 
surface of the thrombus, ujx»n which their extremities form the network 
of whitish lines or the transverse ribs noted by Zahn. If the thrombus lie 
detached from the inner wall of the vessel, similar projecting lines and 
dots can be seen on its attached surface and often on the inner linin'^ itf 
the vessel. This trabecular framework of the thrombus is composed of 
. of platelets with cortical layers of fibrin and leucocytes, as 
already described. The whole arrangement is aptly compared by 
Aschoff to branching coral stems. The sjmces between the trabeculie 
contain blood which during life may be fluid or may have coagulated ; 
or they may contain only fibrin and leucocytes, or an indefinite mixture 
of platelets, fibrin and red and white corpuscles. Between the lamellae 
and columns bands of fibrin with or without platelets, often stretch 
loosely and in a curved manner, the concavity of the curve looking 
toward the axis of the vessel. AscholT explains the coral-like architec- 
ture and the ribbed surface of the thrombus partly by the oscillatory or 
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wave-like motioii of the flowing blood, which, as previously euggeated by 
Zahn, may account for the ribs, and partly by slight irregularities of 
surface level normally present in the inner lining of vessela. Zithn 
finds an analogy between the ribs of a thrombus and the ripple- 
marks in sand at the edge of the sea, or at the bottom of flowing 
streams. Before Zahu, Wickham Legg, in 1878, described the surface 
of a cardiac thrombus as " marked by lines resembling the impressions 
made by the waves on a sandy shore." 

The usual explanation of the red and white stratification of mixed 
thrombi is that the thrombus is deposited in successive layers, of which 
the red are formed rapidly and the white more slowly. There are 
manifest difficulties in such an explanation. It is more probable 
that the red layers are cmor clots formed from blood brought to a 
standstill. Blood entering crevices, spaces, and clefts resulting from the 
irregular mode of growth of the thrombus, or from its contraction, or 
from the blood-stream, often with increase of pressure in consequence of 
the thrombotic barrier, undermining and splitting the white substance, 
at first soft and later brittle, of the thrombus, may readily stagnate and 
clot. Indications of such a splitting of the thrombus by the circulating 
blood are often seen in horizontal white lamellse covering red layers 
and present within them : these lamellie are apparently split off from 
the general framework and bent in the direction of the blood -current. 
The typical architecture of the thrombus may not appear, or may be 
obscured or destroyed by displacement of its parts through the blood- 
stream, especially when this is forcible : hence it is often missed In 
arterial thrombi. White thrombi are, as a rule, microscopically mixed 
thrombi ; and in colour there is every transition from these to thrombi 
BO red that careful examination is required for the detection of the 
white substance. 

In long pro}mgated venous thrombi smaller whit* thromVjus-masses 
often alternate in a longitudinal direction with longer red ones. The 
explanation of this is that a primary white thrombus is formed, often 
starting from a valvular pocket. This becomes an occluding thrombus, 
and the column of blood reaching to the nearest branch, or to the con- 
fluence of two important veins, is brought to a standstill, and forms a 
red, obstructing thrombus. At the extremity of this, where the blood 
enters from the branch, another white occluding thrombus may be 
formed, to be followed again by a red thrombus, and so on. Thrombi 
are sometimes described as red in consequence of failure to detect the 
small white autochthonous part of the thrombus. In fact the term 
mixed thrombus ia applied to three different appearances of thrombi : 
(a) an intimate mixture of gray and red substances ; {h) stratification in 
successive gray and red layers, and (li) red propagated clots consecutive 
to autochthonous white or mixed thrombi. 

In old thrombi various metamorphoses have occurred which obscure or 
obliterate the typical structure and architecture of the yoiiriger ones. 
The masses of platelets, although they may persist a long time, become 
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4K«Sg?«r%tkiia au>i a drSemitacioa ia iCAi=i«^ rrx«raes ofK«B etable 
tti v> fKTig&ii^ the fhcs fj< the critical €»>v3Uii &2>i fiik»ell» of |4ate- 
leu. The ktscr^ejies. ofieo as aa carir dase. ^soers(> ianr dc ^ n er ^ 
tkm aod uEicrosii. their n^aelei dancoearbijr ^-c& br kuxoirn and 
karrorrhexii. The leoeomie decritQi adtk to zbt sraonLftr Batcrial of 
the thromlms. The red corpuele* are deeoknrwed and fragmented. 
The hxa^jj^AAn k in part dksolTed and. aher organkation begins, is 
partir traniformed into aoMvphoos and crystalline hjnaatoidin. These 
pignMmtarr tranilonnations impart a brcyvnish red coknr to red and 
mixed thrombL Fibrin increases in amount and becomes coarse and 
denae. The part of the thrombus adjacent to the ressel-vaD is often 
conTerted into eompact concentric larers of fibrin at a period when 
msiiKfn of plateleu are well presenred nearer the hmien. The hjaHne 
material, which is rerr frequent Ij found in layers and clomps in old 
thrombi, maj be deriTed both from fibrin and from platelets ; perhaps 
also from red corpuscles and lencocrtes. It mar stain well bj Weigert's 
fibrin-stain, or cmlv faintlv, or not at alL SmaU spaces and canals^ 
often containing nocleated ceUs, may be present in the homogeneous 
fibrin or hvaline substance (canalised fibrin of Langhans>. 

Of special importance are the liqoefactive softenings whkh may 
oeeor in M thrombL These are distinguished as simple or bland, 
septic or purulent, and putrid softenings. 

The simple softenings occur in bland thrombi, being especiaUy 
common in globular cardiac thrombi which, when old, regularly contain 
in their interior an opaque whitish or reddish thick fluid. This in old 
days was mistaken for pus, and hence the name punform softening 
(purulent cysts). The liquid or pulpy material is the result of granular 
disintegration and liquefaction of the solid constituents of the thrombus, 
and consists of necrotic fatty leucocytes, albuminous and fatty grantdes, 
hifffA pigment and altered red corpuscles ; the yarying red tint of the 
fluid depending upon the number of red corpuscles originally present 
in the thrombus. Occasionally acicular crystals of fatty acid are present. 
This form of softening is probably due to the action of some ferment ; 
it occurs in ordinary bland thrombi, and is distinguished from the infec- 
tive forms. It is not generally supposed that microorganisms are in 
any way concerned in the process : bacteria, however, have been found 
of late years repeatedly in these thrombi ; and it may be that they are 
not so al^solutely unconcerned in simple thrombotic softening as is 
generally thought to be the case. 

1*here is no question as to the participation of bacteria in the other 
formH of softening. Septic or purulent softening, met with most fre- 
quently in infective thrombo-phlebitis, is a true suppuration ; being the 
roHult of the accumulation of poly nuclear leucocytes with fermentative 
liquefaction of the thrombus. The leucocytes are attracted in part from 
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the blood of the thromboaed veseel and in part from the vitsa 
and surrounding capillHriea ftnd veins. Pyogenetic bacterlu, most fre- 
quently streptococci, are present in the thrombus and the walls of the 
vessel. Putrid softening is due to the invasion of putrefactive bacteria. 
Here the thrombus is of a dirty brown or greou colour, and of foul odour. 

These varioas softenings often lead to the Bej)»nitioD of thrombotic 
fragments to be transported by the circuUtiori as emboli, — bluud, septic, 
or putrid according to the nature of the process. 

White thrombi in veins, far less frequently in arteries, may undergo 
calcification, forming phlelxiliths or arterioliiha. They are generally 
approximately spherical, and lie loosely or slightly adherent in the 
lumen. They are found most frequently in the veins around the 
prostate and bladder of men, in the plexus pampiniformes of women, 
and in the spleen. 

One of the most interesting adaptive pathological processes is the so- 
called organisation of thrombi, which is the substitution for the thrombus 
of vascularised connective tissue. The thrombus itself takes no active 
part in the process, but behaves as a foreign body. It is gradually 
disintegrated and absorbed, largely through the activities of phagocytes. 
The new tissue springs from the wall of the vessel or the heart ; the 
tissue-forming cells being derived both from the endothelium and from 
other fixed cells in the wall. New vessels spring from the vasa vasorum. 
Lacunar spaces in the thrombus, or between the thrombus and the 
vascular wall, may become lined with endothelium, and also serve as 
channels for the circulating blood. These new vessels may establish com- 
munication with the lumen of the thrombosed vessel above or below the 
thrombus, or on both sides. The new tissue, which at first is rich in cells, 
becomes fibrous, and contracts. The result may be a solid fibrous plug, 
or a cavernous structure with large blood-spaces ; or, by disappearance of 
the septa, a restoration of the lumen, with perhaps a few fibrous threads 
or bands stretching across it, as in the normal cerebral venous sinuses. 

There are great diversities in individual cases as to the rapidity of 
onset and the course of the organising process ; these difi'erences depend- 
ing upon various circiim stances, the most importunt of which are the 
location of the thrombus, the condition of the wall of the vessel or 
heart, the general state of the patient, and the presence or absence of 
infection. In favourable cases the process may be well under way 
within a week. The wall of the vessel, or of the heart, may be so diseased 
as to be incapable of furnishing any new tissue ; as is usually the case 
in aneurysmal sacs, and often in varices and in cardiac disease. The 
presence of pyogenetic bacteria prevents or delays the process of organisa- 
tion. This process is a proliferative angeiitis. It is this angoiitis which 
leads to the closure of a vessel after ligation. If the ligature be applied 
aseptically, and without injury to the internal coats, usually no throm- 
bus is formed, or only a very small one. The formation of a thrombus 
is of no assistance in securing obliteration of a ligated vessel, in fact it 
impedes the development of the obliterating end arteritis. 
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The uiuBca of organisation of thrombi are probably to be sougn 
partly in the inHuenco exarteil by the thrombus a« a foreign body, andr 
partly in slowing or cessation of the blood-crirrent and lowering of tha 
tension of the veBsel-wall (Tboma, Beneke). Whether, in addition, 
growth of celis may be determined by chemical Bubstances derived fi 
the ihrombuB is uncertain. 

Etiology. — The recognition of the three classes of causes assigned 
thrombosis, namely, alterations in the blood, mechanical disturbances 
the circulation and lesions of the vascular or cardiac wall, is not of recent 
date. The dyscrasic theory is the oldest. John Hunt«r introduced 
and Cruveilhier elaborated the conception of primary phlebitis with 
consecutive plugging of the vein ; and Baillie, Laennec, Davy and other^^ 
emphasised stasis as a cause of intravascular clotting. Virchow's nai 
however, is the one especially associated with mechanical explanati 
of thrombosis. The experiments of Briicke, showing the importance 
integrity of the vascular wall in keeping the blood fluid, led to general 
recognition of the part taken by alterations of this wall in the etiology 
of thrombosis. 

While it is generally agreed that slowing and other irregularities of 
the circulation, contact of the blood with abnormal surfaces, and changes 
in the composition of the blood are concerned, singly or in combination, 
in the causation of thrombosis, there is much difference of opinion as to 
the relative importance of each of these factors, and as to the part of 
as a proximate, as a remote, or aa an accessory cau' 

Slowing and other irregularities of the circulation. — Diminished veloci) 
of the blood-current is not by itself an efficient cause of throml 
The circulation may be at a low ebb for a long time without the occi 
rence of thrombi. A stationary column of blood included in 
or vein between two carefully applied aseptic ligatures within the 11' 
body may remain fluid for weeks (Glfinard, Baumgailen). Slow circula^ 
tion, however, in combination with lesions of the cardiac or vascular 
wall, or with the presence of micro-organisms or other changes in the 
blood, is an important predisposing cause of thrombosis, and frequently 
determines the localisation of the thrombus. This is evident from the 
relative infrequency of thrombi upon diseased patches of the inner ooat 
of large arteries in contrast with their frequency upon similar patches in 
the small arteries and in the veins ; and in general from the predilectii 
of thrombi for those parts of the circulatory channels in which t1 
blood-flow is normally, or ae the result of disease, slow. Extensive injui 
to the walls of arteries may be experimentally produced without result-' 
ing thrombosis, 

Eberth and Schimmelbuach find that under normal conditions the 
platelets circulate with the red corpuscles in the axial blood -current, but 
make their appearance in the outer still zone when the rapidity of the 
circulation is sufliciently diminished. Moderate slowing is attended by 
the accumulation of white corpuscles in this zone, while a further 
slackening of the stream is characterised by fewer leucocytes and 
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plateleta in the peripheral layer. Mere slowing of the circulatiou, 
however, does not suffice to form thromhi \ there must be some 
abnormality of the inner lining of the vessel-wall, with which the 
platelets are brought into contact, in order to induce the viscous 
metamorphosis of these bodies essential in the formation of plugs. 
Hence Eberth and Schimmelbusch conclude that it is only by the com- 
bination of slowing of the circulation with changes in the inner lining 
that the formation of white thrombi can be explained. 

Von Recklinghausen attaches more importance to a whirling or eddy- 
ing motion (Wirbetbewegung) than to mere slowness of the circulation. 
He -has pointed out that eddies are produced when the blood enters 
normally or pathologically dilated channels from smaller ones, or 
passes into a cul-de-sac, or over obstructions ; and ho has considered 
in an interesting way the special conditions causing this motion and its 
influence upon the production of thrombi. This irregularity of the 
blood-current will be referred to again in considering the localisation of 
venous thrombi (p. 181). Von Recklinghausen's observations make a 
valuable contribution to our knowledge of the mechanical disturbances 
of the circulation which favour the development of thrombi. 

Thrombi attributed to slowing of the blood-current, often combined 
with eddying motion of the blood, are called stagnation- thrombi. Of these 
two groups are distinguished : {a) those due to local circulatory dis- 
turbances, as from interruption or narrowing of the lumen of vessels by 
ligation or compression, or from circumscribed dilatations, as aneurysms 
or varices ; and Qi) marantic thrombi resulting from weakened heart's 
action, with consequent feebleness of the general circulation. Virchow 
gave the name " marantic thrombi " to all or nearly all thrombi complicat- 
ing or following anaimic and cachectic states, general infective diseases — 
as enteric fever, typhus fever, and the like, and certain constitutional 
diseases. He considered a condition of marasmus, or great prostration, to 
be the common underlying factor. As we shall see subsequently, there are 
serious objections to this explanation of these thromboses, which indeed 
constitute the class of chief medical interest. The designation " marantic 
thromboses " for this group is still, however, in common use. Although 
it is proper in these groujts of thrombi to emphasise the mechanical dis- 
turbances of the circulation as an important accessory factor, it is evident, 
from what has been said, that the class of stagnation -thrombi cannot be 
maintained in the strict sense originally advocated by Virchow. Other 
factors, especially lesions of the walls of the heart or vessels, enter 
decisively into their causation. 

ConicKt of the hlood with almormal surfaces. Lesums of the cardiac and 
vasatloT walls. — It is universally recognised that the influence of the 
endothelial lining of the vascular channels in maintaining the fluid state 
of the blood is of the first importance. This influence appears to be 
partly physical and partly chemical. The smooth, non-adhesive character 
of the inner surface of the heart and vessels is the physical property 
lich comes primarily into consideration. Whereas the introduction of 
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such foreign bodies as threads, or bristles with rough surfaces, into the 
circulation is an efficient cause of thrombosis, perfectly smooth, indif- 
ferent bodies, as small glass balls, may be introduced without causing 
any coagulation (Zahn). Freund has shown that blood collected with 
proper precautions in vessels lined with oil or vaseline remains fluid for 
a long time. Mere contact with a foreign surface, therefore, does not 
suffice to induce clotting ; the result depends upon the character of this 
surface. Freund concludes that the essentuil thing is that the surface 
shall be such as to permit adhesion to occiu* between it and the corpuscles, 
particularly the red corpuscles ; the normal lining of the blood-vessels 
being characterised by the absence of this adhesive property. Without 
adopting Freun<r3 theory of coagulation, which does not here concern us, 
we can apply, with much satisfaction in the e3q>lanation of many thrombi, 
his ol^servations concerning the importance of adhesive surfaces in caus- 
ing coagulation. There should also be taken into consideration the 
dama<^e known to be inflicted bv adhesive contact with abnormal surfaces 
upon platelets or red corpuscles ; if these be regarded as the source of 
the granular material and platelets in thrombi. 

Changes, therefore, which impair or destroy the smooth, non-adhesive 
surface of the normal inner lining of the vessels play an important 
part in the etiology of thrombosis ; and thrombi thus caused may be 
called adhesion -thrombi. The efficiency of these lesions in causing 
thrombi is increased if, by projection into the lumen, they obstruct the 
blood-flow ; or by their rough, irregular surface set up an eddying motion 
of the blood. 

Although we have very little definite information about any chemical 
activities of the normal vascular endothelium concerned in the preserva- 
tion of the fluidity of the circulating blood, there is evidence that lesions 
of the intima, through chemical as well as physical influences, may 
incite thrombosis. That necrotic endothelial and intimal cells may 
liberate fibrin -ferment is in accordance with both physiological and 
pathological observations relating to the origin of this ferment from 
dead or disintegrated protoplasm in general. Reference has already 
been made to observations of Zenker indicating the coagulative influence 
of necrotic endothelium, and of the intima deprived of endothelium. 

Strong support for a belief in the participation of chemical sub- 
stances in the causation of certain thrombi due to intimal lesions is to 
be found in contrasting the eff'ects of mere traumatism with thos^ of 
traumatism combined with infection of the intima. This has been 
especially brought out in the experimental studies of valvular lesions 
of the heart. Aseptic laceration of the cirdiac valves generally leads 
to but slight production of thrombi upon the injured surfaces ; 
whereas the same traumatic lesions, combined with the lodgment and 
growth of pyogenetic bacteria, are usually attended by the formation of 
considerable thrombotic vegetations. The diff'erences in the result can 
hardly be explained by differences in the physical characters of the lesions 
in the two cases ; but we have no definite knowledge concerning the 



nature and mode of action of the chemical bacterial productR c 

in causing the thrombi. We may draw the concliuion that lesions of 

the iiitims, K|>art from their more manifest characters, may poesoss 

certain speciKc properties eepecially favuiirable to the production of 

thrombi. 

The moat important of the structural changes of the vascular and 
canliuc waits which cause thrombosis are those due to inflammation, 
atheroma, calcification, necrosiB, other degenerations, tumuiirB, com- 
pression, and injury. Here again may be emphasised the importance 
of retardation and other irregularities of the circulation in rendering 
these various lesions effective causes of thrombosis. The aorta, for 
example, may be the scat of most extensive deforming endarteritis, with 
irregular projecting calcific plates and ragged atheromatous ulcers, 
without a trace of throrulratic dejiosit. The forcible pulsating current 
prevents the adhesion and accumulation of the foraied elements con- 
stituting the beginning thrombus, or quickly washes them away. The 
presence in some instances of while mural thrombi in the aorta upon 
an intima apparently but slightly damaged indicates the importance of 
certain specilic, although little understood, characters of intimal lesions 
in association with changes in the blood. 

Foreign bodies, which have peneirated the blood -channels and set up 
thrombosis, have been observed repeatedly in human beings, especially 
in the heart and abdominal veins. Such accidents have followed swallow- 
ing fish-bones, needles, nails, bits of wire and the like. A hlood-clot or 
thrombus in a veBneJ, or projecting into the lumen from a wound of the 
vessel, may itself be looked upon as a foreign borly, and lead to further 
extension of the thrombus. There seems to he a certain self- propagating 
power in a thrombus. Similar effects are produced by the entrance of 
large parasites, such as diatomata, by the invasion of tuniour-ruasses, 
and by the penetration of parenchymatous cells into the circulatory 
channels {p. 260). 

Infeeiive thrmnhi. Thromho-phUhUis. — Phlebitis, as a cause of throm- 
bosis, has reacquired within the last few years so much imjiortance that 
it is here singled out from other lesions of the vascular wall for special 
consideration. 

In the first half of the present century, mainly through the influence 
of John Hunler and of Cruveijhier, thrombosis was by many regarded 
only as an expression of inflammation of the inner lining of the vessels. 
The material composing the thrombus was considered to be, at least in 
part, an exudate of coagulablo lymph from the inflamed vascular wall. 
Tirchow, by his monumental work on thrombosis and embolism, dating 
from 1846, reversed this order of things, and made, for the great majority 
of eaaes, the thrombus the primary and essential phenomenon, and the 
inflammation of the wall, if present, a merely secondary effect. Phle- 
bitis disappeared, as a chapter, from works on internal medicine, and 
thrombosis took its place. Within recent years, and again chiefly 
through the work of French i n vest i gators, the pendulum has swung 
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back, and phlebitis has once more come to tbe front as a common 
and important cause of thromboais, and resumed an important place in 
many systematic treatises on medicine. This rehabilitation of phle- 
bitis ie due mainly to bacteriological investigations of thrombosed 
vessels, especially of the so-called marantic thrombi of infective and 
cachectic diseases. 

The distinction between bland thrombi and infective thrombi is an 
old and important one. The thrombi in septic and auppiirative phlebitis, 
concerned especially in pyiemic processes and surgical affections, were for 
a long time the chief, indeed almost the only recognised represeutatiTea 
of the class of infective thrombi. There has been a gradual extension of 
the domain of infective thrombosis, until now many thrombi, previously 
classified aa bland, are considered to be of infective origin. This is 
notably true of a large number of thrombi, formerly and still often 
called marantic, complicating many infective diseases, wasting and 
cachectic conditions, and ansemia. In 1887 Weigert stated that by 
means of his tibrin-stain he had found unsuspected micro-organisms in 
marantic thrombi with surprising frequency ; and since then there have 
been numerous similar observations, as well as not a few negative ones. 
In Franco the studies of Comil and his pupils, especially Widal, and 
of Vaquez have had the greatest influence in developing the doctrine of 
the mycotic origin of this class of thrombi, and particularly that of 
primary phlebitis as the cause of these thromboses. It should not he 
forgotten that Paget, in 1866, contended for the primarily pblebttic 
nature of thrombosis in gout. 

Phlegmasia alba dolens of the puorperium is the prototype of this 
class of thromboses. In the articles on various infective diseases, par- 
ticularly enteric fever (see vol. i. p. 817) and influenza (vol. i. p. 683), 
attention has been called to the occurrence of thromljosis aa a compli- 
cation or sequel. Similar thrombosea occur in pneumonia, typhus, 
acute rheumatism, erysipelas, cholera, scarlatina, variola, tuberculoais, 
syphilis,— in fact with greater or less frequency in nearly all acute and 
chronic infections. Likewise in chlorosis, goiit, leuktemia, senile 
debility, and chronic wasting and cachectic diseases, particularly cancer, 
thrombosis is a recognised complication. The more important associa- 
tions of thrombosis with these various diseases will bo considered mora 
in detail subsequently (p. 191), 

Those various thromboses, occurring very rarely as primary affec- 
tions, usually secondary to infective or constitutional diseases, compose 
the great majority of those of medical, as distinguished from surgical 
interest. Clinically and anatomically they undoubtedly have much in 
common. Is there any common etiological point of view from which 
ihey may be regarded ) Virchow thought so in calling them marantic 
thrombi, and attributing their causation to enfeebled circulation. 
The same causative factor still remains the underlying one with those 
who, like Cohnheim, interpolate nutritive changes in the endothelium 
between the slow circulation and the beginning of the thrombus. 
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Impaired circulation cannot serve as a common etiological shelter 
for thia whole class of thrombosea. There ia no definite and constant 
relationship between the condition of the circulation and the occurrence 
of these thrombi. While many appear during great debility, others of 
the Bume nature, and often in the same disease, occur when the heart's 
action ia not notably weak. Thromhosia may ensue early in influenza. 
It ia oftener a sequel than an accompaniment of enteric fever. On the 
other hand, the circulation may be extremely feeble for days without 
the api>earance of thrombosis. 

Many of these so-called marantic thrombi are unquestionably of 
infective origin. Vaquez, in hia monograph on phlebitis of the extremi- 
ties, published in 1894, has brought together the resultB of the obser- 
vations of others, and especially those of hiaownandWidal's investigations, 
which demonstrate that bacteria are often present in these thrombi and in 
the adjacent vascular wall. Since the appearance of Vaquez' monograph 
there have been a number of confirmatory observations. Widal 
emphasises the importance of searching for bacteria in fresh thrombi, 
and in the autochthonous part of the thrombus and the adjacent wall of 
the vessel. The largest contingent of positive results has been furnished 
by the examination of puerperal thrombi,^many of which indeed are 
examples of septic thrombo-phlebitls, and of the marantic thrombi of 
chronic pulmonary tuberculosis; but bacteria have also been found in 
thrombi complicating or following typhoid fever, influenza, pneumonia, 
cancer, and other infective and cachectic conditions. 

In relatively few instances has the specific micro-organism of the 
primary disease, as the typhoid or the tubercle bacillus, for example, 
been pi-esent in the thrombus ; more frequently secondary invaders, 
especially streptococci and other pyogenetic bacteria, have been detected: 
so that the thrombosis is considered to be oftener the result of some 
secondary infection than of the primary one. Colon bacilli have been 
found ia typhojdal and other thrombi ; but as these bacteria are foimd 
BO commonly in the blood and organs after death from all sorts of 
causes, no great importance can be attached to their mere demonstration 
■without some further evidence of their pathogenetic activity. As might 
be expected, streptococci are the bacteria found most frequently in 
puerperal thromboses. Singer believes that gonorrhoeal infection ia 
also a possible factor. 

Not only in thrombi of infective diseases but also in cachectic 
thromboses have bacteria, and here again most frequently pyogenetic 
forme, been demonstrated. Nor is this surprising when we consider 
the frequency of secondary infections in chronic diseases, especially as a 
terminal event; as has been clearly broiight out in the analyses, by 
Flexner, of the autopsies at the Johns Hopkins Hospital, where bacterio- 
logical examination is a routine procedure at the post-mortem table. 
Many of these infections are unsuspected during life. 

The supposition that in all of these cases the bacteria are accident- 
ally or secondarily present, and in no way concerned in the causation of 



the thrombi, is extremely improbable. They are often in auoh number, 
in such arruiiigemciit and associated with such lesions, that they must 
have multiplied iu the thrombus and in the vessel wall. 

The problem whether the bacteria have led to thrombosis by first 
invading the vascular wall and setting up inflammation is not solved by 
the mere demonstration of their presence. Certainly, in some iiiBtances, 
this sequence of events is plainly indicated by the microscopical appear- 
ances ; but in many it is imposuible to decide to what extent inflammalory 
changes in the wall antedated the thrombus, for the latter, especially 
when infected by bacteria, induces a secondary angeiitis. Opportunities 
to study very recent infective marantic thrombi with reference to this 
point are not common. 

Iu a case, which I examined, of multiple venous thrombosis com- 
plicating leucocythiemia, there was a primary mycotic endophlebitis 
with secondary thrombosis. There was a secondary streptococcus 
infection. Iu the intima of the thrombosed vessels were numerous 
scattered foci in which large numbers of streptococci were present. 
In these areas there was necrosis of endothelial and other intimal cells, 
with proliferation of surrounding cells and many polynuclear leucocytes. 
These foci formed little whitish elevations capped with platelets, fibrin, 
and leucocytes ; the whole presenting an appearance similar to that of 
endocardial vegetations. There was marked nuclear fragmentation both 
in the infected intima and in the thrombus. Fresh mixed thrombi, 
containing fewer streptococci, were connected with these phlebitio vege- 
tations. Although the vasa vasorum were hyperaemic, and were the seat 
of a moderate migration of leucocytes, streptococci were absent from the 
adventitia ; and the appearances spoke decidedly for the direct pene- 
tration of the streptococci from the circulating blood into the intima. I 
have examined three other similar cages. A similar form of mycotic 
endophlebitis has been described by Vaquez (endophUblte vegiStante). 
In other cases the intima is more difl'usely inflamed. After a short 
time there is no distinct line of demarcation between the thrombus 
and the intima, and all of the coats of the vessel are more or less 
inflamed. 

Although the bacteria found in the intima may gain access from 
without through the vasa vasorum, or the lymphatics, it is probable that 
in the class of cases here under consideration they more frequently 
enter directly from the blood circulating in the main channel. There 
may he very extensive bacterial inflammation of the venous wall, eveu 
with bulging of the intima into the lumen, without any thrombosis. 

We do not possess sufficiently numerous and careful bacteriological 
examinations of the thrombi of infective and wasting diseases to enable 
us to say in what proportion of cases they contain micro-organisms. It 
ia certain that in many instances such examinations have yielded nega- 
tive results. It is quite possible that in some of these negative cases 
bacteria, originally present, have died out ; but although fay some authors 
much use is made of this explanation, it is not in general a satisfactory 
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oue. Many of the examinations were of thrombi sufficiently recent to 
exclude this posBibiiity. 

To explain these non-bacterial cases, the French writers assume the 
existence of a primary toxic endophlebitis, the toxins being either of 
bacterial origin or derived from other sources. Ponfick, many years 
ago, called attention to the occurrence of degenerations of the vascular 
endothelium in infective diseases; and there can be no doubt of the 
frequency of both degenerative and inflammatory changes of the intima 
in toxic and infective conditions. 

A lesion which I have seen in the iptima of veins (less frequently of 
arteries) in typhoid fever, diphtheria, variola, and other infective diseases, 
is a nodular, sometimes a more diffuse, accumulation of lymphoid and 
endothelioid cells beneath the endothelium. These cells, as well as the 
covering endothelium, may undergo necrosis ; indeed the appearances 
Bometimes suggest primary necrosis with secondary accumulation of 
wandering cells and proliferation of fixed cells. These foci are not 
unlike the so-called lymphomatous nodules found in the liver in typhoid 
and other infections. They may unquestionably be the starting-point 
of thrombi, as has been shown by Mallory in his study of the vascular 
lesions in typhoid fever. Although this form of endophlebitis or 
endarteritis resembles that demonstrably caused by the actual presence 
of bacteria in the intima, bacteria are often absent, even in the fresh 
lesions ; so that it is reasonable to suppose that the affection may be 
caused by toxins, I think that this toxic endangeiitis is of import- 
ance in the causation of thrombosis complicating infective and cachectic 
states. 

There are, however, instances of so-called marantic thrombosis where 
no visible alteration of the intima can be made out at the site of the 
thrombus, or only the slight fatty degeneration of the endothelium 
which is such an extremely common condition that it docs not afford a 
satisfactory explanation. 

It is obvious that bacteria are likely to find especially favourable 
opportunities to gain lodgment, and toxic substances to do injury, in 
situations where the blood-cnrrent is slow and thrown into eddies ; but 
the localisation in these situations of thromboses complicating infective' 
and chronic diseases has perhii[>s been unduly emphasised. These 
thromboses may occur elsewhere, even in the aorta and larger arteries. 
Pre-existing diseases of the veins, especially chronic endophlebitis and 
varicosities, are conditions predisposing to infective and cachectic 
thromboses. 

While we are justified in assigning a far more prominent place to 
the agency of micro-organisms and to primary phlebitis in the etiology 
of thrombosis than, until recent years, has been customary since 
Virchow's fundamental investigations, recent attempts to refer nil 
thromboses, formerly called marantic, to the direct invasion of micro- 
organisms and to phlebitis go beyond demonstrated facts. We have 
not at present any satisfactory bacteriological and anatomical substratum 
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for 80 wide a generalisation. The whole field, although difficult, is 
an inviting and fruitful one for further investigation. The clinical 
arguments in favour of the phlebitic origin of thrombosis will be con- 
sidered below (p. 212). 

What has been said regarding the relation of phlebitis to thrombosiB 
complicating infective and constitutional diseases applies also to that 
of arteritis to the similar arterial thromboses which, although less common 
than the venous, are more frequent than was formerly supposed ; this 
will appear when we take up the association of thrombosis with particular 
diseases (p. 191). 

It is of course understood that the preceding remarks on the 
relation of phlebitis and arteritis to thrombosis relate only to the 
medical thromboses, and not to the septic and suppurative thrombo- 
phlebitides of the surgeon, of the bacterial origin of which there is no 
question ; although these latter may be concerned in diseases, such as 
suppurative pylephlebitis, which are in the province of the physician. 

Chemical changes in the blood, Ferment4hrombi, — The old ideas of 
chemical changes in the blood as causes of intravascular clotting, embodied 
in such terms as acre coagulatorium, hyperinosis, iuopexia, are now of 
historical interest only. There appears to be no definite and constant 
relation between the amount of fibrin obtainable from the blood, or the 
rapidity of its coagulation in the test tube, and the occurrence of 
thrombosis in human beings. Peripheral thrombosis is a less common 
complication of pneumonia and acute articular rheumatism, which are 
characterised by high fibrin-content of the blood, than of enteric fever 
and certain cachectic states in which the fibrin-content is approximately 
normal or reduced. 

In dogs whose blood was rendered incoagulable by injection of 
" peptone" (albumose) Schimmelbusch produced platelet-thrombi experi- 
mentally. On the other hand, Sahli with Eguet observed no collection 
of platelets or formation of thrombi around hog's bristles or silk threads 
inserted into the jugular veins of rabbits having incoagulable blood from 
injection of leech extract ; although control experiments regularly gave 
positive results. These latter experiments show that chemical changes 
in the blood may influence the process of thrombosis. 

The main support of the belief entertained by some that the 
liberation of fibrin-ferment in the general blood-stream is an important 
cause of human thrombosis, is based on the results of experiments 
which demonstrate that the injection of various substances into the 
circulation may cause intravascular clotting. The most important of 
the substances which have been observed to produce this effect are 
laky blood (Nauuyn), biliary salts (Ranke), ether (Naunyn, Hanau), 
fresh defibrinated blood (Kohler), emulsions or extracts from cells, 
especially lymphoid cells (Groth, Wooldridge), transfusion of blood 
(Landois, Ponfick), and snake- venom (C. J. Martin, art. " Snake- 
poison and Snake -bite," vol. iii. p. 819). The coagulating effect of 
laky blood is attributable to the stromata of red corpuscles rather 



than to dJBSolved hsemoglobm (Woold ridge). The coagulating prin- 
ciple here, as well as of the various tissue -extracts, is believed to 
be a nucleo-proteid which, by combinntion with calcium, formB the 
fi brio -ferment. It is to the presence of this ferment or the subse- 
quetit liberation of the ferment that the dangerous intravascular clots 
following the injection of defibrinated blood or the transfusion of 
foreign blood are due. The coagiilative effect of snake-venom under 
certain conditions is referred by Halliburton to protcosee free from 
phosphorus, and therefore not nucleo-proteids. The action of snulte- 
venom upon coagulation is probably analogous to that of various toxic 
albumoses, bacterial and vegetable. They are in general to be ranked 
among anti-coagulating sabstancea ; but the result varies with the dose, 
the manner of injection, and other circumstances. Wooldridge has shown 
that thromboses are i>articularly prone to occur in the territory of the 
pirtal system after the injection of various substances favouring coagu- 
lation. Fibrin- ferment may be used up in the process of intravascular 
clotting, so that after this has taken place the remaining blood may be 
incoagulable. 

Interesting as these experimental results are to the physiologist, and 
with reference to the theories of the coagulation of blood, it is 
difficult to utilise them in any satisfactory way in the exjilanation 
of ordinary human thrombosis. Most of the experimenters make no 
statement as to the microscopical structure of the intravascular clots, 
which are described generally as soft, dark red masses ; and they seem to 
identify them with ordinary human thrombi, being apparently not familiar 
with the researches on the peculiar constitution of the latter. Some of 
the substances used for the experiments cause precipitates in the bloml, 
and many are very destructive to the red corpuscles. Hanau, however, 
has shown that masses of platelets may be present in these clots. 

Conditions analogous to those set up in these experiments may 
occur in human beings ; but they are, so far as we know, most oxce]> 
tional. Especially do we lack satisfactory observations, in cases of 
thrombosis in human beings, of increase of fibrin-ferment in the b!<K>d. 
Considerable quantities of fibrin -ferment, more than are likely to be 
liberated under any probable circumstances in man, can be injected into 
the circulation without causing coagulation. Still it is possible that 
the mechanism by which this excess of fibrin-ferment is neutralised 
and coagulation prevented may be paralysed under certain conditions. 
There are certain instances of rapidly-formed red thrombi in vessels with 
apparently normal walls which, in the absence of other explanation, it 
would be very convenient to refer to ferment-intoxication. Kohlcr and 
Hanau consider that many thrombi, esjiecially those complicating 
infective and cachectic states, are best explained by supposing a 
liberation of fibrin-ferment in the blood, and they call them, therefore, 
ferment-thrombi. 

Hayem designates as thrombi from precipitation (thromboses par pr^- 
cipitution) many which others call fcrmcnt-tbrorabi ; oapecially those 



following injection of various deatriictive subatancea into the circulation, 
and those Ciiused by burns niid freezing. 

Silbermann and others aisert thsit thrombosis, particularly multiple 
capillary thrombosis, plays an important part in extensive superficial 
burns, and in poisoning with various substances destructive to the 
blood corpuscles, such as anilin, potassium chlorate, arsenic, phosphorus, 
sublimate, carbonous oxide, illuminating gas. These views need 
further confirmation before they can be accepted, as several observers 
have obtained only negative results in searching for thrombi in the 
same class of cases. 

Notwithstanding the lack of a substantial basis of demonstrated 
facts for the opinion that human thrombosis is often caused by liber- 
ation of tibrin-ferment in the general blood-stream, it would be quite 
unreasonable to suppose that chemical changes of the blood are without 
influence upon the occurrence of thrombosis in man. Indeed, in 
infective and toxic conditions such changes are doubtless the under- 
lying factors. Both the circulatory disturbances and the alterations in 
the vascular wall to which we attribute the production of thrombi are 
the result of damage done to the heart and vessels by bacterial and 
other toxins. More than this, there is good reason to believe that 
alterations in the formed elements of the blood, caused directly or in- 
directly by toxic substances, are of great significance in the etiology of 
thrombosis. The platelets are in all probability cell-derivatives ; and 
we may well suppose that damage inflicted upon leucocytes and red 
corpuscles may favour their production, and that, in consequence of 
abnormal composition of the plasma, the platelets themselves may more 
readily undergo viscous metamorphosis, and form plugs. In view of 
recent observations in favour of the origin of platelets from red corpuscles, 
the studies of Ehrlich, Maragliano, von Limbeck, and others, concerning 
degenerations and increased vulnerability of these corpuscles in various 
diseases, are of interest with reference to thrombosia ; but it must be 
confessed that we cannot at present make more than a hypothetical 
application of these results to the explanation of certain forms of 
thrombosis. To discuss here further the hypotheses upon this subject 
would be barren of any useful result. 

Increase of lilood-plalelels. — In view of the essential part taken by 
blood-platelets in the formation of thrombi, it is important to inquire 
whether thrombosis can be brought into any relation with a pathological 
increase of these elements. Some observations of the existence of such 
a relationship are highly suggestive. 

Especial difficulties are encountered in the efforts to enumerate the 
platelets on account of their small size and their viscid consistence, which 
causes them to clump together. Brodie and Russell give, as the norm, 
one platelet to 8'5red corpuscles; or about 635,000 ]>er cubic millimetre. 
This estimate is considerably higher than thikt obtained by others, prob- 
ably, however, by less accurate methods. Van Emden gives as the average 
for human beings in health 245,000 ; which corresponds fairly well with 
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the figures of Hayem, Cadet, Afanassiew, Muir, Fusari, and Determann, 
but is lower than those of Laker and Prus. 

There is considerable divergence of statement as to the number of 
platelets in different diseases. This number is markedly increased in 
chlorosis (Muir), of which thrombosis is a well-recognised complication. 
The platelets are increased in post-haemorrhagic anaemia (Hayem), which 
is one of the remoter causes of thrombosis. There is evidence that 
haemorrhage after childbirth, and in the course of various diseases, 
favours the occurrence of thrombosis. Several observers have found 
the platelets reduced in number in pernicious anaemia, which, unlike 
chlorosis, is rarely, if ever, complicated by thrombosis (Hayem, Birch- 
Hirschfeld, Beugnier - Corbeau). In purpura haemorrhagica there is 
extreme diminution of platelets, sometimes amounting to total absende 
(Denys, Hayem, Ehrlich, van Emden), which constitutes the only demon- 
strated morphological change of the blood in this disease. In febrile 
infections there is often a correspondence between leucocytosis and 
the number of platelets. Thus in influenza, pneumonia, erysipelas, 
meningitis, and septic infections the number of platelets is often in- 
creased, in severe cases sometimes diminished ; whereas in enteric fever 
and malaria it is diminished (Hayem, Reyne, Tiirk, Muir, van Emden). 
The disappearance of leucocytosis is sometimes followed by increase of 
platelets. In view of the greater frequency of thrombosis as a sequel 
than in the course of many acute diseases, the recognition by Hayem 
of a platelet crisis (crise hematoblastique) is interesting. After the crisis 
or subsidence of certain infective diseases Hayem observed a rapid 
and marked increase in the platelets. This was noted after pneumonia 
and enteric fever. Platelets are said to be often increased toward the 
end of pregnancy and after delivery (Hayem, Cadet). In various cachectic 
conditions, in tuberculosis, and, in general, in states of bad nutrition, 
increase is the rule. Dr. Muir finds that in spleno-medullary leuco- 
cythaemia the platelets are notably increased, but not in the lymphatic 
form (art. "Leucocythaemia," vol. v. p. 640). In chronic passive conges- 
tion, due to heart disease, the platelets are said to be diminished (van 
Emden). An increase of platelets in various conditions in which they 
are usually diminished can often be attributed to complications. Upon 
the whole there is much in support of the view that increase of platelets 
is an index of lowered resistance of the red corpuscles. 

It is fair to say that some of the foregoing statements regarding the 
condition of the platelets in various diseases need further confirmation, 
and that in general the subject is difficult and has been insufficiently 
investigated. Nevertheless we cannot fail to have our attention arrested 
by a parallelism, in many instances, between disposition to thrombosis 
and increased number of platelets ; although in others no such relation- 
ship is apparent. It must suffice to call attention to this parallelism, 
for we are ignorant of the underlying factors. 

It hardly need be said that the mere increase of platelets is insuffi- 
cient to explain the occurrence of thrombosis. We are brought back 
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here, a.» elaetvhere, to disturbance of the circulation and cbangee in the 
vascular walk as tho determinants of the localisation of thrombi ; while 
we muat recognise changes in the chemistry and morphology of the 
blood as important predisposing causes, 

LocalisSitlon. — Thrombosis may occur in any part of the circulatory 
system. We distioguish therefore arterial, venous, capillary, and car- 
diac thrombi. Lymphatic vesaela may likewise become plugged with 
fibrin, leucocytes, or foreign material; such as tubercle, cancer, or red 
corpuscles. 

Arterial Viromhi. — The majority of arterial thromboses are caused 
by some local injury or disease of the arterial wall, or by the lodgment 
of an embolus. Especially important are the arterio-sclerotic throm- 
boses of the brain, heart, and extremities. 

Here may be mentioned the varying relations of arterial thrombosis 
to gangrene of the extremities. Thrombosis of arteries, as well as of 
veins, may be secondary to varieties of gangrene which are not caused 
by primary plugging of the arteries. Senile gangrene is caused either 
by embolism, which may lead to thi'omboais, or by arteriosclerosis, 
usually associated with thrombosis. In various infective and chronic 
wasting diseases gangrene may result from primary arterial thrombosis 
of the class often called marantic. Many of these thromboses are infec- 
tive in origin ; but we have not sufficient information to warrant the 
assertion that all are caused by micro-oi'ganisms. 

Of especial interest is ihe relation of thrombosis to certain forms of 
so-called " sjKintaneous " gangrene which may occur in middle life, or even 
iu the young, and are often preceded by definite symptoms indicative of 
gradual occlusion of the arteries. Von Winiwarter concluded from his 
examinations of several cases that the primary disease is an obliterating 
endarteritis resulting in complete closure of the affected vessels. Zoege 
von Manteuffel, however, finds that thrombosis participates, in an inter- 
esting way, in the gradual occlusion of the arteries. According to him, 
by the deposition and organisation of successive layers of pariot^il 
thrombi, the arteries, which are usually the seat of a primary sclerosis, 
gradually become filled with vascularised connective tissue, Haga con- 
siders this endarteritis thrombottca to be syphilitic. Hoegorstedt and 
Nemser believe that, in general, the deposition and organisation of parietal 
thrombi are common and imjmrtant processes in atigio-solerosis. Von 
Kecklinghausen has described hyaline thrombosis of small arteries in 
spontaneous and arterio- spastic gangrene. 

The action of infective agents in the causation of focal and diffuse 
diseases of the arteries ia receiving constantly increasing attention. The 
occurrence of acute and chronic arteritis as a result of various infective 
diseases-^as entoiic fever, typhus fever, acute articular rheumatism, 
variola, scarlatina, jineumonia, endocarditis, septiciemia, syphilis, tuber- 
culosis, leprosy — is now so well established that it is reasonable to 
believe that the arterial thromboses complicating or following theaa 
diseases are often referable to an infective arteritis. 
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It Ctinnot be doubted that not a few cases reported in literatui'e as 
primary arterial thrombosis are to be attributed to embolism which was 
overlooked. The possible sources of emboli for the aortic eyatem can 
be usually controlled much more readily than those for the pulmonary 
arteries; for the latter sources embrace all the systemic veins. These 
veins may contain mural thrombi, or in places occluding thrombi, which 
give no signs of their presence. The possibility that an entire thrombus 
may be detached and transported by the blood-current, so that its ori- 
ginal location cannot be determined, is also to be considered. But, after 
all has been said, it is carrying scepticism to an unjustifiable extreme to 
refuse to admit the occurrence of primary arterial thrombosis in infective, 
cachectic, and aniemic states, under circumstances where the localisation 
cannot be attributed to arterio-sclerosis or other pre-existing arterial 
disease. Mr. Jonathan Hutchinson has recently reported observations 
of rapid thrombosis of arteries without obvious disease of the walls. 

The most frequent site of arterial thrombosis is in the extremities, 
and far more frequently in the lower than the upper. Arterial throm- 
bosis, unlike venous, occurs on the right side as often as on the left. Other 
situations, more or less common, are the cerebral, pulmonary, coronary 
of the heart, mesenteric arteries, and the aorta and its primary branches. 

Vcnotts Ihrombi. — These may result from local causes, such as trauma- 
tism, compression, phlebitis, pblebo-sclerosis, varix (iiG6), inflammation 
or other lesion of surrounding parts, and connection of venous terminals 
with septic or gangrenous foci. 

Yascular thromboses due to general causes are, in the great majority 
of cases, situated in veins ; and to this group the chief medical interest 
attaches. In special characters of the venous circulation we must seek 
the explanation of the greater effectiveness of these general causes in 
veins than in arteries. The physiological peculiarities, |Nirtly general 
and partly local, which come especially into consideration, are — the 
slower mean sjjeed of the blood in veins than in arteries ; the low blood- 
pressure; the flow from smaller into larger channels; the absence of 
pulsation ; the presence of valves ; fixation of the venous wall in certain 
situations to fasciis and bone ; the existence in some places of wide 
sinuses and ampullar dilatations ; the agency of certain subsidiary forces, 
such as muscular contraction and movements of the limbs, in assisting the 
flow in the veins ; the composition of venous blood, particularly the 
higher content of CO.,, and perhaps the functions of the capillaries and 
small veins in the production and absorption of lymph. It is obvious, 
without detailed explanation, that some at least of these special 
characters must render the venous system much more favourable than 
the arterial to the occurrence, under the general conditions known to 
dispose to thrombosis, of retardation of the blood-current; eddying 
motion of the blood, and damage to the vascular wall from impoverished 
and insufficient blood-snpply, or prolonged contact with micro-organisms 
and toxic substances, the agency of wliich in the etiology of thrombosis 
has already been considered. 
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The beat eridence that these mechanical conditions determiiie the 
\fjc:i\Mtifjn of the majoritj of thrombi of infectiTe, anjemic, and cacliectie 
diiieades a afforded by the marked preference of such thnxnbi for sitoa- 
tionii where these conditions are in the highest degree <^>eratiTc. The 
tendency of renous thrombi to start from Talmlar pockets has already 
been mentioned. It is important to note that thrombi dae to generad 
caiMes, nnlike those starting from local septic foci, do not b^in in the 
r^'K/tlets, but originate usually in the main renous trunks of a member. 
The Tery large reins are unusual primary seats of marantic thrombi 
Beginning as a rule in a sinus or m€^ium-sized vein, the thrombus may 
grovr centrally into large reins ; as from the femoral into the iliacs and 
rena cara, and j>eripherally into small reins, not, howerer, generally 
reaching the smallest reins. The farourite starting-point of so-called 
marantic thromboses of the cerebral sinuses is in the middle of the 
su[)erior longitudinal sinus at the top of the cranial carity, whence the 
thrombus may extend forward, but tends especially to grow toward the 
torcular Herophili, and into other sinuses and into the cerebral reins. 
There is, howerer, no rigid rule in this matter. The plug may b^in 
in other sinuses, or eren in the cerebral reins. 

In extensire thromboses, such as occur especially in reins of the 
thigh and leg, it is sometimes difficult to determine the point of origin 
of the thrombus, and the exact manner of its propagation. Often, 
howerer, decisire information can be gained by careful attention to 
features indicative of the age of thrombi, as alr^y described (p. 163). 
Thus the autochthonous part of the thrombus is gray, or reddish gray, 
and firmly arlherent ; the continued part often red and more loosely 
attached, and the older parts frequently softened or liquefied in the 
centre. By observation of such points as these, the common assumption 
that a thrombus, occupying continuously both large and small reins, began 
in the most distal reins and grew thence into the larger channels, can 
often bo shown to be erroneous. An occluding thrombus may lead to 
such disturbances of the circulation as to cause the formation of dis- 
continuous multiple thrombi on both the central and the peripheral 
sido^i, and these may become connected by red or mixed thrombi. In 
short, the modes of extension of thrombi are sometimes complicated, 
and not readily unrarelled. 

The so-called law of Lancereaux was enunciated by him in 1862 as 
an explanation of the common site of thrombi in the cerebral sinuses, 
and at the summits rather than at the peripheries of the extremities ; 
his rule is as follows : — " Marantic thromboses are always formed at 
the level of the points where the blood has the greatest tendency to 
staHJH, that is, at the limit of the action of the forces of cardiac propul- 
sion and of thoracic aspiration." There are serious physiological objec- 
t-ioriH to the physical conceptions of the circulation underlying this 
Ro-called law, which in any event cannot be accepted in the exclusive 
form given to it by Lancereaux. Wertheimer has shown that the 
effect of thoracic aspiration upon the venous circulation extends to 



remote part* of the saphenous vein by the siiie of the teiido Achillis. 
Aa the collective sectional area of the veins steadily diminishes from 
the capillaries to the heart, the average sj^eed of the blood must bo 
greater in the large veina than in the small ones, if the circulation is to 
continue for any length of time ; and this remains true even when the 
«nergy of the blood-current is feeble. 

Much more satisfactory, it seems to me, is the explanation offered 
by von Recklinghausen, of which mention has ah'eady been made 
(p. 167). This explanation places the chief emphasis iijKin the etldying 
movement (Wirbelbewogung) of the outer lines of flow of the blood- 
stream when there are counter -currents, or when the blood with 
retarded flow passes from smaller into larger channels or over obetrnc- 
tions, or especially into spaces relatively too wide for the received 
volume of fluid. Especially favourable for the appearance of this 
irregularity of the circulation are the ampullar dilatAtions just above 
the insertion of the venous valves, the intracranial sinuses, and the 
femoral vein near Poupart's ligament, which, in consequence of fixation 
to bone or fasciie, cannot readily adjust themselves to a lessened volume 
of blood, and in which counter- currents are set up by the obtuse or 
right angles at which blood is received from some of the tributary 
veins. The trabecule which cross the cerebral sinuses may be a con- 
tributory factor. Similar irregularities of the blood-flow must occur 
with feeble circulation in other situations, as in the pehnc venous 
plexuses, where wide channels are intercalated between smaller ones, in 
the recesses of tfae heart, and in aneurysms and varicose veins. Von 
Recklinghausen has pointed out that the plexua-like arrangement, the 
entrance of small veina into large ones, and the close apposition of 
artery and vein render branches of the renal veins in the kidney 
susceptible to irregular blood -currents. 

The greater frequency of venous thrombosis in the left leg than in the 
right ia attributable to the more difficult return-flow from the former, 
in consequence of the greater length and obliquity of the left common 
iliac vein and its passage beneath the right common iliac art«ry. It 
has been suggested that pressure upon this vein by a distended sigmoid 
flexure or rectum may likewise conlribule to slowing of the blood - 
current upon this side. The preponderance of thromboses of the left 
axillary and brachial veina over those of the right is attributed in a 
similar way by Parmentier ; that is, to the greater length and obliquity 
of the left innominate vein. 

As has already been urged, these mechanical disturbances of the 
circulation are not, by themselves alone, efiicient causes of thrombosis. 
They simply make certain parts of the vascular system seats of election 
for thrombi. It is quite possible to exaggerate iheir function in the 
etiology of thrombosis. The presence of micro-organisms or other 
changes in the blood may induce lesions of the vaiicular wall in any 
part of the circulatory system ; and primary thrombi may be formed in 
situations apparently the most unpromising, so far as the circulatory 
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conditions are concerned ; aa for iuatanco in the jiiilnioniiry veins and 
in the venffi cavas near the heart. 

Capillary thrombi. — Tbe blood in the capillaries reraiiiiiB fiuid, even 
with extensive venous and arterial thrombosis, unless necrosis or 
gangrene of the tissue ensue, in which ease, as in infarctions, the 
Ci^liillarieB are always plugged. The interesting fibrinous and hyaline 
thromboses of the capillaries have already been considered (p. 160). 

Cardiac thrombi, — There is no stranger chapter in the history of 
pathology thiin the story of cardiac polypi, from the first observation of 
fibrinous clots in the heart by Benivieiii, in the fifteenth century, until 
the end of the last century. It is full of warnings against tho uncritical use 
of post-mortem findings. The cardiac polyps of the old writers were, 
for the most jiart, nothing more than ordinary colonrlesa post-mortom 
clots. Nor has the error of confounding these with genuine thrombi 
wholly disappeared from medical literature even at the present day, 
The^e moist, pale, yellowish, smooth, elastic, uniform, more or less 
translucent, fibrinous clots, softer or firmer according to their content 
of serum, non-ailheront though entangled with muscular columns and 
trabeculw, often showing moulds of the valves or other projecting 
surfaces with, at least, some red cruor clot at their most dependent 
parts — such clots, membranous, polypoid, Itand-like, or filling the right 
cavities of the heart and sending worm-like offshoots into the vessels, 
should never be mistaken for tho drier, opaque, gray or reddish gray, 
granular, more friable, usually much smaller, adherent, often centrally 
softened or stratified thrombi. 

Although thei-o is a common impression that those fibrinous clots 
are formed during the death agony, I know of no good reason for such 
a view. It is much more probable that they are analogous to the buffy 
coat of clota in shed blood, and are formed after death, when coagulation 
does not set in until the red corpuscles have settled from the plasma. 
Liberation of fibrin -ferment, fihrin-content of the blood, sedimentation- 
time of red corpuscles and coagulation-time,' all variable elements, are 
the leading f.ictors which determine the production of these colourless 
clots. Most striking examples of colourless clots are found after death 
from pneumonia and aaite articular rheumatism, where the fibrin-content 
is high, the sedimentation -time rapid, and the coagulation-time slow. 
The whole doctrine of death from " heart-clot " in these and other acute 
diseases is based, in my opinion, upon mistaken interpretation of 
fibrinous post-mortem clots. 

The/rifsA wgdaiions of endocarditis are not generally included in the 
consideration of cardiac thrombi. Still they are genuine thrombi, and 
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there is no more favourable situalion for the study of the formation of 
mycotic thrombi than the acutely inflamed heart-valve. The first atop 
is the invasion of bacteria, as a rule directly from the blood in the cardiac 
cavities, into the endothelial and siibendothelial layers. The surrounding 
cells undergo rapid necroeis with karyorrbexis ; and simultaneously are 
deposited upon the damaged spot masses of conglutinated platelets fol- 
lowed by leucocytes and fibrin, these masses forming the vegetations. 
Proliferation of the siibendothelial and adjacent cells quickly follows, 
polynuclear leucocytes migrate into the area, and before long new vessels 
with organisation of the thrombus make their appearance. A process 
essentially the same may occur not only in the mural endocardium but also 
in arteries and veins (vegetative arteritis, vegetative phlebitis, p. 172). 
Putting aside these endocardial vegetations, it has been customary 
to consider the conditions leading to cardiac thrombosis as essentially 
identical with those of peripheral venous thrombosis, but there are 
difToronces. Cardiac thrombi are found especially in association with 
chronic diseases of the heart, lungs, arteries, and kidneys ; in all of 
which, with the exception of pulmonary tuberculosis, peripheral venous 
thrombosis is uncommon. On the other hand, most of the acute infec- 
tive diseases, as enteric fever, influenza, pneumonia, which are so iiu- 
l>ortant in the etiology of venous thrombosis, are in general of less 
relative importance in the causation of cardiac thrombosis, although 
it may occur ii. these diseases. In cachectic states, especially phthisis 
and cancer, the conditions as regards the incidence of cardiac and of 
venous thrombi are more nearly identical, for here thrombi are often 
enough found in the heart ; particularly when there is well-marked 
fatty degeneration. Cardiac thrombosis stands in no such peculiar 
reUtion to chlorosis and gout as does venous thrombosis, although its 
occurrence in these diseases is not unknown. The great field for cardiac 
thrombi is afl'orded by diseases of the valves and walls of the heart, and 
especially by dilatation of one or more of its cavities with cardiac i 
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The seats of election for cardiac thrombi are the auricular appendices 
and the ventricular apices between the columnie carnese ; the par- 
ticular situation varying as the cause may affect the whole heart, or only 
one side, or one cavity. In cardiac insufficiency from general or local 
causes these recesses and pockets must offer the best possible conditions 
for slowing of the blood -current, and especially for the formation of 
eddies. That there is no actual stasis of the blood is shown by the gi-ay 
or reddish gray colour of the thrombi. 

The familiar glnlnilur Ihmmbi (v^gi-tations globuleuses of Lacnnec) 
are by far the commonest form of cnrdiac thrombus. Varying in size 
usually from a pea to a hazel-nut they may attain the size of a hen's 
egg. They are usually multiple, and neighbouring ones are connected 
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by an adherent sub trabecular thromViotic meshwork or membrane, of 
which they constitute Bcsaile or pedunculated spheroidal or ovoid projec- 
tions. Their surface may be smooth, or marked by delicate lines or ribs ; 
and their interior is usually converted into an opaque, gray, or brownifih 
red grumous fluid, so that tbe whole reeflmbles a cyst with [>uriform 
contents. The liquefaction is of the bland variety already described 
(p. 164). Although the projecting covering of these cysts is often only a 
thin shell it rarely bursts. These thronibi may, however, be the source 
of emboli. Hearts containing these thrombi are often the scat of fatty 
degeneration. Usually no localised mural disease is to be detected with 
the naked eye beneath these thrombi, although the microscope generally 
shows degeneration or defect of the endothelium. It ia most exceptional 
for any trace of organisation to be present in these globular thrombi. 

Calcification of cardiac thrombi is a rare event. Delepine has de- 
scribed very fully a cardiolith, and has collected reports of simitar cases. 
Some of these are probably phleholiths in or deiived from varicose veins 
which Wagner, Zahn, and Bostroem have described in the wall of the 
heart, particularly in the septum auriculorura. 

Somewhat different as a rule are the mural Ihromhi found on areas of 
circumscribed disease of the heart wall ; as on infarctions, flbroid patches,' 
and gummata, and in partial aneurysm. These may be identical in ap- 
pearance with the ordinary globular cysts ; but often they are flat or poly- 
poid, stratified, and more intimately incorporated with the cardiac wall. 

Cardiac thrombi may be in the shape of massive or of elongated 
polypoid formations, occupying a large part of one of the cavities, and 
extending even through valvular orifices into adjacent cavities or vessels. 
One of the cavities, usually a dilated auricle, may be nearly filled with 
a massive laminated thrombus, as in a case reported by Osier which I 
examined. There is much resemblance between the clot in these cases 
and that found in aneurysms. 

Apart from endocardial vegetations not much is known of inferHre 
thron^i in the heart, although it is probable that they occur more fre- 
quently than is suspected. In a child dead of scarlatina I found, in 
association with streptococcal mitral endocarditis, softened thrombi con- 
taining streptococci in the right auricular appendix. There are a few 
Bcattered reports of the discovery of bacteria in cardiac thrombi. Parti- 
cularly interesting are the observations of Weichselbaum, of Birch- 
Hirschfeld, and of Kollar, of tubercle bacilli in white cardiac thrombi. 
Birch-Hirschfold found in a case of extensive geni to-urinary and chronic 
pulmonary tuberculosis a white organised thrombus in the appendix of 
the right auricle which contained many tubercle bacilli and numerous 
tubercles. In these and similar cases there is difficulty in determining 

' It is iaUreating to Lots tli«t in 180B, Allan Bums in Uis claajital worlt on Uiftofa ijf 
tiir Haiti, ax recoiling liis ohservalioos an BDginn pePloria with caloiHcation of the lorouarj 
■rtfri«9 md po1jr[ii tn the left ventricli, cslled ittenlion to the relnttons brtween dixue of 
the coronery »TtmM and cinliac tliromhosis. He thus anticipsleil Weber and Degn;, »Qd 
other recent wilten, oho bare emplxi^«ed the occnrreiue of ouiUac tliroiabi is ■ugia-scluotis 
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vhether the bacteria are the direct cause of the thrombosia, or are 
secondary invaderB. Kotlar interprets his caBe as the developmeDt of 
miliary tiit>erulo3 in an organised thrombtis. 

Aa there are unquestionable instances of finding emboli derived from 
venous thrombi in the right heart, the pofisibility of a thrombus arising 
secondarily from such an embolus in this situation may be admitted ; 
but I know of no convincing example. 

Bail-thrombi, loose in the loft auricle, are rare forms of canliac 
thrombi. The tirst observation which 1 have found of such a thrombus 
was published by William Woo-1 in 1814, in Edinburgh. Aa in other 
typical cases, the loose thrombus was in the left auricle and there was 
extreme mitral stenosis. The patient, a girl 15 years old, had the 
regular symptoma of chronic valvular disease. Death was not sudden. 
Wood thus describes the appearances ; " The substance occupying the 
etnus venosus of ihe left auricle, when particularly examined, was found 
to be of a darkish red colour, in form completely spherical, measuring 
rather more than an inch and a half in diameter. It felt firm, but 
elastic ; the surface was everywhere smooth and polished, but having a 
singularly clotted appearance. Rolling loosely in the auricle, it had no 
connection with surrounding parts. When cut ojjen, after having been 
kept for some days in diluted alcohol, it was found to consist of a sac, 
one-eighth of an inch in thickness, formed of an immense number of 
firm, smooth laminie, which could be easily separated from each other. 
Within the cavity formed by this sac was contained a quantity of 
coagulated blood." Adherent to the wall of the auricle near the mitral 
valve was a firm, oval thrombus on the free surface of which was a 
superficial concavity which formed a " kind of socket for the loose ball 
to roll in." This last feature is a unique obaervation. 

In 1863, Dr. J. W. Ogle reported a typical instance of ball-thrombua 
in the left auricle with extreme mitral stenosis, and accompanied the 
report with an admirable drawing. In 1877 Dr. Wiekham Legg reported 
likewise, to the London Pathological Society, two cases of ball-thrombi 
in the left auricle with mitral stenosis. He refers to Ogle's specimeii 
which he re-examined, and to a fourth specimen in the museum of St. 
Thomas's Hospital. One of his cases ia unique in the presence of two 
ball-thrombi in the left auricle. This patient was brought dead to the 
hospital, and presumably died suddenly in the streets. Von Reckling- 
hausen's brief description, in 1883, of two cases of ball-thrombi is quoted 
in the subsequent German records on the subject as the first obaerva- 
tion of this interesting form of cardiac thrombus ; although there were 
much fuller previous accounts of at least four cases, with mention of a 
fifth, in Scotch and English records extending back as far as 1814; 
thoae of Ogle and Legg being certainly very accessible in the Trunsuc- 
(ions of ihe Lvndon Pathological Society. Macleod'a caae of loose 
thrombus iu the right auricle ie properly excluded by von Reckling- 
hausen from the class of ball-thrombi. If the conception of a ball- 
thrombus be simply that of a loose thrombus too large to pass through 




the valvular oriiicie, then van der Byl'o case, reported in 1858, should he 
included in this ekss. He fonnd in -a case of sudden death "an irregu- 
lar, shaggy-looking mass sticking " in the extremely contracted mitral 
orifice. When flouted out in water this assumed a sac-like appearance, 
was about the size of a pigeon's egg, and completed a broken thromlrolic 
sac in the auricular appendix. This embolus must have been freshly 
detached, and had not assumed the typical spherical or ovoid shape of the 
ball -thrombus. There have been later reports of ball- thrombi, by Hertz 
(two cases), Osier (two cases), Arnold, von Ziemssen, liedtouhacher, Krumb- 
holz, Bosenbach, Stunge, and Eichhorst (three cases mentioned without 
any details), making twenty, without including Macleod's and van der 
Byl's cases.' Of these, fifteen are reported with suflicieni details for 
analysis. This form of thrombus, therefore, although rare, is not so 
much of a curiosity as has been generally supposed. 

Throe characters, in my opinion, should enter into the definition of 
a ball-thru mb us : (i.) entire absence of attachment and consequent free 
mobility ; (ii.) imprisonment in consequence of excess in the diameter of 
the thrombus over that of the first narrowing in the circulatory passage 
ahead of it ; and (iii.) such consistence and shai>e that the thrombus must 
not of necessity lodge as an embolus in this passage. The third point 
does not prejudice the question of the possibility of a ball-thrombus 
lodging as an embolus ; but it excludes from the group such detached, 
shaggy, irregular masses (as in van der Byl'a case) as must necessarily be 
caught at once as emboli in the narrowed passage in front. According 
to this definition a ball-thrombus might, theoretically at least, occur in 
any circumscribed or sac-like dilatation of the circulatory system; 
indeed von llecklinghausen considers loose phleboliths and cardiac ball- 
thrombi as analogous. 

All of the cardiac ball-thrombi — as thus defined — hitherto reported, 
wers in the dilated left auricle ; and, with one exception, were associated 
with mitral stenosis. In Stange's case there was aortic stenosis, with 
slight insufficiency of the mitral valve without stenosis. The agency of 
mitral stenosis in the production of ball-thrombi is not only that it 
prevents the escape of detached thrombi which might pass the normal 
orifice, but also that it favours the formation of thrombi in the left 
auricle, particularly in the appendix ; and doubtless also, through the 
particular disturbance of the circulation, aids in their detachment, 
increases the tendency to their rotary motion, and prevents the complete 
emptying of the left auricle during systole, thus rendering more difficult 
the lodgment and fixation in the valvular oriflce of thrombotic massee 
which at first may be irregidar in shape. 

The thrombi have varied in size from that of a small walnut to that 

' t tmvc also not inrladed Svhniorl'n cue, meuttoned by Stoiige, u it u evidently idenUcsI 
with thnt of Erumbholi, noi FiirbringiT's case of nunierous glubultr thrombi, the largert 
the siie of a cherry, ill the right »iiric1«, allhongh he reporta it ii» belonging to the group of 
hali-thronilji. He ia evidently undir a miwoneeplion of the nature of ball-thrombi. TTi*!* 
nan not the itighteat reason why these small bodies, many of them indeed minnlc, if thay 
were irally loose daring life, shoold not have travelled on With the btood-Btreuu. 
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of a ben'a egg ; in Wood's case the thrombus was over an inch and a 
half in diameter, and in Ogle's the weight was more than four drachms. 
In ten the shape was spherical ; in four ovoid ; in one (probably of recent 
. separation) a somewhat irregular flattened hemisphere. In six the 
- snrface was smooth and polished ; in six marked by granules, lines, ribs, 
or little depressions ; in two smooth and knobbed ; nnd in one (Redten- 
bftcher's) beset with very fine, gray, fibrinous villi. Nine were centrally 
softened ; four solid throughout ; and for two there is no statement on 
this point. The coloiir was gray or reddish gray ; in Wood's "darkish 
red." In the majority of cases it is said there were adherent thromlri in 
the left auricle, usually the appendix ; and where this is not expressly 
etated they may have been present. In five cases only was there a 
rough or projecting spot on the siirface of the ball indicative of the 
previous attachment ; and in two this spot was not at all smoothed off : so 
that the detacbnient was evidently very recent, possibly indeed during 
the autopsy, as in one of the two loose balls in Legg's first case. 
Krumbholz says that the surface of his thrombus was covered with 
endothelium. In none, however, was any distinct evidence of organisa- 
tion detected, for von Ziemssen's statement on this point is too indefinite 
to be considered. 

Ogle, in 1863, clearly recognised the mode of production of a ball- 
thrombus " by the constant and free agitation of a fragment of fibrinous 
coagulum separated from some part of the endocardium, and uniformly 
increased by fresh material at its circumference precipitated from the 
surrounding blood-stream." Von Recklinghausen has given the fullest 
and most satisfactory explanation of the spherical shape and smooth 
Btirface, in noting that at least some ball-thrombi have a globular shape 
when first detached; and that irregular bodies, of the consistence of 
thrombi, rotating in a cavity and growing by successive accretions, 
assume a spherical shape by a process of moulding, and not by the 
grinding or breaking ofi' of corners and projections, as was suggested by 
Hertz to account for the smooth roundness of ball-thrombi. In two or 
three instances where the ball-thrombus has consisted of a central 
irregular nucleus enveloped in a concentrically laminated capsule, it has 
been assumed that the former repiesonts the original detached part, and 
the latter successive accretions during free rotation in the auricle. 
While suggestive of such an interpretation, this structure maj', however, 
exist in still adherent globular thrombi. It seems to me probable that 
most ball-thrombi are smooth and at least approximately spherical when 
first detached. It is difficult to say how much a thrombus may have 
grown after its separation. 

In nearly all cases Ihe loose thrombus apparently came from the left 
auricular appendix, where adherent thrombi were rarely missed when it 
is expressly stated that they were searched for. In \\'ood'8 case the 
dark red colour, central blood-clot, and polished surface suggest the 
possibility that the loose body was a separated polypus resulting from 
" 1 the wall of the auricle or from a varix ; and tliis o 



is strengthened by the Bocket-like dopresBion in the adherent thrombus, 
for it ie not cleiir how auch u socket could be formed by a thrombus louse 
ia the auricle ; but it might have been the impreaaion left by a, polypus 
attached at some other point. 

Aa regurds the clinical significance ' of cardiac ball-thrombi, Wickbam 
Legg expressed the notion which would probably at first occur to most 
persons. " A loose thrombus," he says, " in the left auricle would at any 
time be ready to act m a ball-valve, and stop the circulation in the 
mitral orifice"; and in this opinion be was strengthened by the presumably 
sudden death of his patient. Von Recklinghausen, however, who at the 
time knew only of bis own two cases and the two of Herts, in criticising 
a similar opinion expressed by the latter, brought forward several argUr 
ments opposed to this notion. The main points of his argument are that 
instances of sudden death are not infrequent in extreme mitral stenosis 
without ball-thrombi; that lodgment of the thrombus in the mitral 
orifice baa not been observed, and, even if it were found lying loosely 
over the orifice at the autopsy, that this would not indicate its position at 
the moment of death ; that the funnel of the stenosed mitral orifice is 
elliptical in cross-section and shallow, so that a rolling sphere of the con- 
sistence of a ball-thrombus could neither completely occlude it nor get 
wedged in it, nor, if the ball should enter the shallow funnel, is there 
anything to hold it there, so that the next moment it would roll out. To 
these points may be added Arnold's argument that the thrombus cannot 
be horizontally pressed by the atu^cular contractions against the orifice ; 
for during its systole the dilated auricle does not completely empty itself 
of blood through the stenosed orifice. 

The histories of the cases of cardiac ball-thrombus support in general 
the position of von Recklinghausen. No symptoms were observed which 
may not occur in mitral stenosis. Death was gradual in all except four. 
In only one of these four cases of sudden death was there any conclusive 
evidence that the thrombus was the cause. This was Dr. Osier's second 
pitient upon whom the autopsy was made in my laboratory by Dr. 
Flexner. The patient, a woman aged 20, was seen in good condition 
a few hours before death. At 4.30 A.M. she was found by the nurse 
very cyanotic, she gave a gasp or two, and died in a few moments. At 
the autopsy were found marked hypertrophy and dilatation of the left 
auricle, right ventricle, and to a less extent right auricle ; without dilata- 
tion or hypertrophy of the left ventricle. The segments of the mitral 
valve were thickened, adherent, and drawn down by great shortening of 
the chordfB tendineffi, so as to form the wall of a distinct funnel. There 
were no fresh vegetations and no cedema. The stenosis was not extreme, 
the mitral orifice readily admitting the index finger. The other valves 
and the coronary arteries were normal. An ovoid ball-thrombus, 
resembling a thick chestnut, measuring 4 x 3'5 x 3 ctm., was found, upon 
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opening the heart, occupying with its smaller end and completely block- 
ing ihc funnel-shaped mitral orifice, from which it was readily removed 
by the fingers. At one jxile of the thrombus was an irregular, roughened 
spot indicating a former attachment, probably to a thrombua in the 
appendix. There can be no reasonable doubt that the thrombus in this 
case was the cause of the sudden death, which is certainly not a common 
occurrence with such moderate uncomplicated mitral steuosis at the age 
of this patient. Indeed sudden death is loss common in uncomplicated 
mitral stenosis than in aortic valvular disease ; as the former occurs often 
in young women, and is usually unassociated with disease of the coronary 
arteries. In the three other instances of audileii death with ball-thrombus 
the ages were 21, 22, and 39 years respectively. Only in one of these 
wiiS the thrombus a perfect sphere ; so that it would appear that an oval 
thrombus is more likely to plug the mitral orifice than a spherical one. 
This view is strengthened by the fact that of the four observations of 
ovoid thrombi in three death was sudden. In the light of our case it 
seems clear that a ball-thrombus may "act as a ball-valve and stop the 
circulation in the mitral orifice," as suggested by Legg; but it is certain 
that this is an exceptional occurrence. 

Under the name of cardiac paluncidaied polyps various formations have 
been described. Some of these are ordinary unorganised or partly 
organist polypoid thrombi, about which nothing more need be said ; 
but others are very remarkable structures which occupy an entirely 
exceptional position, not only among cardiac thrombi but among thrombi 
in general. In the older records some of the latter were described as 
libromalDus or myxomatous polyps, — two as htematoma ; but in the later 
reports most have been recognised as organised thrombi. They are often 
called true polyps in distinction from the false polyps of the older 
writers. 

The literature of the subject begins with Allan Burns in 1809. 
References to many of the cases will be found in the pa|>ers of Hertz, 
zum BuBch, and Pawlowski. Among the noteworthy observations since 
HertE are those of Czapek, Voelcker, Bostroem, and Ewart and Rolles- 
ton. I have found records of thirty-three cases, at least twenty of 
which were well-characterised, organised, pedunculated polyps. Twenty- 
five sprang from the wall of the left auricle, usually the septum ; four 
from the right auricle ; four from the left ventricle. 

The following are the more notable features of these curious forma- 
tions : — la many instances no cause whatever could be found for their 
occurrence. The hearts containing them were often otherwise entirely 
normal, with the exception of changes manifestly secondary to the polyp, 
BHch as nodular fibroid thickening of the mitral segDients and dilatation 
and hypertrophy of the left auricle and right ventricle. Unlike other 
cardiac thrombi they are solitary formations, and often unassociated 
with ordinary thrombotic deposits. The vast majority of these polyps 
sjiring from the so[itum of the left auricle near the fossa ovulis with 
short pedicle, sometimes narrow, sometimes broad. They are firm or 



geltttinotis, elastic, ovoid or pear-shaped formaliotis, in eeveral iiiBtancea 
hanging down into the left venlricle with a. constriction corresponding 
to the mitral orifice. The surface is usually glietoning, emooth, and 
covered by a distinct membrane which often resembles the endocardium. 
It may present calciRc, atheromatous, or pigmented jiatches ; and upon it 
may be irregular knobs and depreaaiona. The colour is described as 
yellowish, gray, dark red or brownish red ; the colour often varying in 
different parts of the polyp. A prevailing dark red colour has been 
observed in a large number of the cases. In distinction from nearly all 
other cardiac thrombi, these polyps are more or less organised by con- 
nective tissue and vessels ; the organisation in some being little marked, 
in others bo far advanced that the structure resembles that of a fibroma 
or myxoma. The central part is often unorganised or less organised than 
the base and periphery. In the incompletely organised forms the sub- 
stance of the polyp ia composed of red corpuscles, fibrin, granular 
detritus, yellow blood-pigment, leucocytes, and other cells between the 
blood-vessels and fibrous septa. Laminated fibrin may be present in the 
peripheral layers. Unless ordinary thrombi are likewise present, emboli 
are naually missed. A further distinction from the ordinary cardiac 
thrombi is that many of these polyps, by encroaching upon the mitral 
orifice, are of as much clinical as anatomical interest; the diagnosis 
during life in these cases being mitral disease, usually stenosis. 

We have no satisfactory explanation of these [wdunculated polyps. 
Ths ordinary causes of thrombosis are generally absent. Their com- 
monest site of origin, the septum of the left auricle near the oval fossa, 
is not a usual situation for ordinary thrombi. They stand in no demon- 
strable relation to patency of the foramen ovale or to circumscribed 
endocarditis in this situation. 

Bostroem has suggested that an explanation may be found in the 
existence of varicose veins which have been observed repeatedly in the 
septum, usually near the posterior quadrant of the foramen ovale. A 
difficulty with this explanation is that nine out of ten of the varicosities 
observed by Wagner, Zabn, RindHeisch, and Bostroem were on the right 
side of the septum. In one instance, however, Bostroem found in the 
left auricle a spherical, dark red polyp, 13 mm. in diameter, attached 
by a short narrow stem to the septum on the posterior lower margin of 
the completely closed foramen ovale. This proved to be a varix con- 
taining a phlebolith. In another case a similar thrombosed varix bad 
broken from its pedicle on the septum of the right auricle, and vaa 
lodged as an embolus in a branch of the pulmonary artery. He suggeats 
this as a possible source of ball-thrombi. Of still greater significance ia 
Bostroem's demonstration in an old museum specimen, labelled " throm- 
bosis of the right auricle (pedunculated cardiac polyp) peripherally 
organised," of an enormous completely thrombosed varix almost filling 
the right auricle. In etill another case he proved conclusively that 
a broad-based, nearly spherical polyp, occupying a large part of the right 

" le, was a hsemorrhage in the wall of the auricle. Choisy and 
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Nuhn long ago interpreted the polyps, which they observed, as the 
result of hsemorrhage in the septum of the left auricle. 

In the light of Bostroem's interesting investigations, more attention 
than has been customary should be given to the possibility that 
pedunculated polyps are the result of hsemorrhage or are thrombosed 
varices. Most competent investigators, however, have unhesitatingly 
pronounced the polyps which they have examined to be organised 
thrombi. It would appear, therefore, that the nature of these forma- 
tions is not always the same. At any rate the great majority of the 
typical pedunculated polyps, to which the preceding description applies, 
occupy a position quite apart from ordinary cardiac thrombi. As already 
remarked, by no means all of the cases described as true cardiac polyps 
belong to this peculiar group. Some, as in Krumm's case, are ordinary 
partly organised thrombi attached to diseased patches of the heart wall. 

Assoeiation with Certain Diseases. — Thromboses may be divided, as 
regards their clinical relations, into the following groups : (i.) those 
resulting from direct injury of vessels, including the penetration of 
foreign bodies; (ii.) referable to diseases of the vascular wall, as to 
angio-sclerosis, syphilitic arteritis, aneurysm, varix ; (iii.) caused by 
lesions of neighbouring parts; (iv.) thromboses of arteries and veins 
whose terminal branches end in septic and gangrenous areas ; (v.) com- 
plications or sequels of (a) infective diseases, (6) cachectic and anaemic 
states, (c) cardiac disease, (d) certain constitutional diseases ; (vi.) idio- 
pathic and primary infective thromboses. Several of these groups, being 
mainly of surgical interest, will not be considered here. The thromboses 
embraced in the fifth and sixth groups are of such special medical in- 
terest that it is proper in this article to give them particular attention ; 
although it is manifestly impossible within reasonable limits to take up 
all in detail. Some of them are noticed in other parts of this work. 

JSrUeric fever. — Cardiac thrombosis is a rare complication of enteric 
fever. In 2000 fatal cases of enteric fever in Munich there were only 
eleven instances of acute endocarditis (Holscher). Girode, Viti, Carboiie, 
and Vincent have found the typhoid bacillus in endocardial vegetations ; 
and vegetative endocarditis has been produced experimentally by intra- 
vascular injections of pure cultures of the typhoid organism combined 
with injury to the valves. More frequently the endocarditis has been 
due to secondary infection. In rare instances in the course of entet ic 
fever globular thrombi are formed in the auricular appendages and ven- 
tricular apices ; and these, as well as the endocardial vegetations, may 
be the source of emboli. 

Arterial thrombosis is a still rarer event, but, in consequence of its 
gravity, an important one. Bettke, in 1420 cases, found four of gangrene 
of the extremities ; but in 2000 Munich autopsies no instance is recorded, 
a result in contrast with fifty-nine of thrombosis of the femoral vein in 
the same series. Keen, in his admirable monograph, has collected and 
analysed 115 cases of gangrene associated with enteric fever, and due to 
plugging of the arteries. In twenty-one cases arterial thromboiis was 
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observed without gangrene, the absence of which is much more common 
with thromboiiis of arteries of the upper extremity than of the lower. 
The earliest appearance of the gangrene was on the fourteenth day ; the 
latest in the seventh week. In the great mji]'ority of cases the thrombus 
was seated in the arteries of the extremities ; and in those of the lower 
far more frequently than of the upper. In eight out of eleven cases of 
arterial thrombosis of the lower extremities, collected by Barie, the 
posterior tibi;U artery was concerned. In contrast with venous throm- 
bosis the right side ia the seat as often as the left. 

Other arteries, as the pulmonury, the superior mesenteric, and the 
cerebral, may become thrombosed. Four fatal cases of typhoidal thi'oni- 
bosis of the middle cerebral artery, or its branches, have been reported 
(Hugneniu, Barberet and Chonet, Vulpian and Osier); and other cases 
have been roconled in which the diagnosis of cerebral thrombosis was 
made from the symptoms. In Osier's case, in which Dr. Flexner and I 
examined the brain, the middle cerebral artery was open ; but tlje ascend- 
ing parietal! and pa rie to-temporal arteries and their branches were 
occluded by adherent, Urm, mixed thrombi. The adjacent brain sub- 
stance was studded with punctiforra biemorrhages, but not much 
softened. Typhoid bacilli were widely distributed in the body. 

The arterial thrombosis may be secondary to embolism ; but in the 
great majority of cases it has been reported as autochthonous. In the 
older records the thrombosis has been usually regarded as marantic; 
whereas the tendency now is to refer it to an infective ai'teritis ; a view 
which is probable, although we have few conclusive observations in its 
support. liattone and Haushalter claim to have demonstrated the 
typhoid bacillus in the walls of occluded arteries ; and Gilbert and Lion, 
Crocq, and Boinet and Ramary have produced an acute aortitis experi* 
mentally, by injuring the vessel wall and then injecting typhoid bacilli 
into the circulation. The bacteriological studies are too meagre and 
unsatisfactory to warrant any definite statements as to the specihc cause 
of arterial thrombosis in enteric fever. 

The far commoner venous thrombosis of enteric fever has been 
adequately considered by Professor Dreschfeld in vol. i. p. 8 1 7 ; and the 
points bearing on its causation have been presented under Etiology. 
Kichaivison has called special attention to the "marantic" thromboses 
of intracranial veins complicating enteric fever. 

Infiueiixa. — Nearly all of our knowledge of thrombosis in influenza 
dates from the pandemic of 1889-90, which led to the recognition of 
countless complications, among which those of the circulatory system 
occupy a less prominent place than the respiratory and nervous. 
ArUriiU thrombosis, although far from common, is still not an extra- 
ordinarily rare complication or sequel of influenza. It is more common 
in this disease than in any other acute infection. In a few instances it 
appeared as early as the third to the tifth day, but in most during con- 
valescence. Over forty cases of arterial thrombosis or of gangrene accom- 
panying or following influenza have been reported. References to 
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of these will be found in the monographs of Leichtenstern and of Lasker ; 
but their lists are far from complete. In a partial collection of the 
cases I find that the popliteal artery was occluded in six ; the femoral in 
four ; the iliacs, the axillary, the brachial, the pulmonary, and the renal 
each in two ; and the central artery of the retina (embolism being prob- 
ably excluded) in one. The cerebral arteries were repeatedly invaded. 
In several instances there were multiple thrombi. Symmetrical gangrene 
following bilateral plugging was observed in a number of cases. 
Gangrene was observed in all the cases of occlucion of the arteries of the 
lower extremities, but not regularly with that of the upper. 

It is difficult to say in how many cases the occlusion was due to 
embolism. Endocarditis is a rare but recognised complication of 
influenza, and globular cardiac thrombi have also been observed. In 
the great majority of cases it seems clear that there was primary 
arterial thrombosis. 

Venous thrombosis is a far commoner result of influenza ; and has been 
the subject of a special memoir by Chaudet, and of numerous articles in 
the medical journals of all countries. Twenty-five cases are recorded in 
Guttmann and Leyden's collective investigation, and many additional 
ones are to be found in the vast literature on influenza. Dr. Goodhart, 
in his article on "Influenza" (vol. i. p. 683), notes the frequency and 
the occasional diagnostic value of this complication, which may appear 
during the course of the disease or weeks afterwards, and in mild as well 
as severe cases. In the great majority of instances the femoral vein was 
attacked ; but the veins of the upper extremity were thrombosed more 
frequently than in other acute infective diseases. Leichtenstern notes 
the acute onset and course in some of the cases. There are records of 
thrombosis of the cerebral sinuses in influenza. Klebs and Kuskow 
describe capillary thrombi in the lungs. 

Few observers are satisfied with the explanation of either the 
arterial or the venous thromboses of influenza as marantic. Leyden 
suggests as a cause increase of blood -platelets from disintegration of 
leucocytes. Evidences of such disintegration, or of masses of platelets 
in the blood, have been noted by Klebs, Chiari, and Baumler. Marag- 
liano observed the onset of necrobiotic changes of the red corpuscles in 
influenza almost immediately after withdrawal of the blood. French 
writers for the most part attribute the thrombosis to infective arteritis 
or phlebitis (arterite grippale, phl^bite grippale). Rendu, however, in 
his case of arterial thrombosis rejects this explanation ; as he found the 
walls of the thrombosed arteries entirely normal (nothing is said of a 
microscopical examination), and he attributes the thrombosis to feeble 
circulation. In his case there was also a thrombus with softened centre 
in the left ventricle, and the occlusion of the artery may have been due 
primarily to an embolus. Gerhardt attributes the gangrene in his case 
to spasm of the arteries, considering it therefore analogous to sym- 
metrical or arterio-spastic gangrene. In support of the more probable 
view that the thrombosis is the result of some change in the vascular 
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wall, directly referable to infection or intoxicntion, Kuskow ohserveii 
with great frequency degeneration, proliferation, and desquamation of 
the vascular endothelium in influenza. In a fatal case of influenzal 
phlegmasia alba dolens Laveran found streptococci in the blood. These 
organisms have often been fouud in the blood and organs of those 
dead of influenza. 

In a remarkable case of multiple thrombotic vegetationg present in 
large numbers in the pulmonary artery, especially in the left main 
branch, and also on the pulmonary valves (other valves normal), Flexner 
in my laboratory found in the thrombus, chiefly enclosed within poly- 
nuclear leucocytes, very numerous, extremely delicate bacilli, which 
were identified as the influenzal bacilli of Pfeiffer. This establishes the 
occurrence of an acute arteritis and thrombosis due to the bacillus of 



—The sixteenth century error of mistaking for ante- 
mortem coagula the firm, yellowish white cardiac clots, intimately 
intertwined with the columnar carnete, and found after death from 
pneumonia more fretjuently than from any other disease, has not wholly 
disappeared at the end of the nineteenth century ; for coagulation of 
blood in the right heart is still occasionally spoken of as u special danger 
in pneumonia. Genuine ante-mortem thrombi in the ca\-ities of the 
heait occur in ])neumonia, but they are rare ; being much less common 
than in many diseases in which death from "heart-clot" is not mentioned 
as a special danger. Acute valvular endocarditis is a well-recognised 
complication of pneumonia. Mention has already been made of coagula 
in pulmonary vessels directly connected with the inHamed lung (p. 160). 

Benedikt, B run on, Rendu, Ley den, and Blagden have observed 
gangrene of the extremities consecutive to arterial thrombosis in 
pneumonia. Blagilen's patient was a woman 92 years old. In 
Leyden's case there was thrombosis of the lower end of the abdominal 
aorta. Gangrene of the extremities in pneumonia may also be the result 
of embolism ; of this event Osier has observed an instance. 

Venous thrombosis, although more frequent than arterial, is scarcely 
mentioned in textbooks as a complication or Be(|uel of pneumonia. 
Few cases have been reported. Da Costa, in a valuable article on the 
subject, reports three personal observations, and has collected from the 
literature six additional ones, and two which are doubtful. In addition to 
these, I have found reports of cases by Barbanceys (two cases), Lupine, 
Fabries, y alette, Mya(two cases),and Lee Dickinson (seven cases), making a 
total of twenty-tbreecasesof venous thrombosis in pneumonia. Thefemoral 
or internal saphenous veins were those invaded, the aflectioii being oftener 
on the left than on the right side. There were at least three deaths 
from pulmonary embolism consecutive to the thrombosis. The affection, 
if one may draw any conclusion from so small a number of cases, is 
more common in women than in men. Of 367 cases of pneumonia, 
observed by Dickinson, peripheral venous thrombosis occurred in seven, of 
which four were in young women, two of these being chlorotic. In 
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several instances of influenzal thrombosis pneumonia had oecurreti. 
Laache ranks pneumonia next to influenza and enteric fever aa regards 
the frequency of occurrence of peripheral thrombosis ; but this event is 
far commoner in the last two diueases. The affection occurs duriug 
convalescence, rather than in the course of pneumonia ; and presents the 
same general characters as the phlegmasia nlba dolens of enteric fever. 
Da Costa very plausibly attributes it to a primary infective phlebitis, 
Mya, in one of bis cases, found pneumococci in large numbers in the 
thrombus. 

Aade articular Theiimafism. — There was a time when rheumatic phle- 
bitis ranked in importance next to the puerperal form ; but it ia now 
recognised that most, of the cases of thrombosis attributed by the older 
writers to rheumatism had nothing to do with acute articular rheuma- 
tism, Schmitt and Vaquez have sifted the reiwrted cases, and they 
lin<l that, while phlebitis or venous thrombosis is to be recognised as a 
complication of genuine acute rheumatism, it is a rare one. The infre- 
quericy of this event is noteworthy in view of the fibrinous stale of the 
blood and the frequency of acute endocarditis. Gatay has reported a 
doubtful case with negative result of the bacteriological examination of 
the thromlius. Legroux reports an instance of thrombosis of the 
brachial artery without gangrene in acute articular rheumatism. 

Appfiuiicitis.—iAentiaix may be made of the occurrence of thrombosis 
with appendicitis, as this iiffectiun is of medical as well as surgical 
interest. Besides the septic thrombo-phlebitis of the mesenteric and 
portal veins, thrombosis of the iliac and femoral veins may occur on 
the left side as well as on the right. The published rejMirtB indicate that 
this is more comtnon on the right side; but in the 131 cases of appendi- 
citis in the service of my colleague Professor Halstod, with the notes of 
which Dr. Bloodgood has furnished me, there were four instances of peri- 
pheral venous thrombusis, all of the toft leg; one being limited to the 
calf. Three of these were in chronic appendicitis, the operation being 
between the attacks. Mynter, who has also observed thrombosis of the 
left femontl vein, attributes it to great prostration and weak circulation. 
It is interesting to note the analogy of ajtpendicitic thromboses to 
puerperal thromboses, where we also have septic and suppurative thrombi 
in veins imme<liately adjacent to the inflamed organ, and less manifestly 
infective thrombi in the veins of the lower extremities. It is probable, 
however, that the tatter thrombi in appendicitis, as well as in the puerperal 
cases, are frequently caused by bacteria, and oftenest by streptococci, 
which are concerned in both affections with great frequency. In one of 
Mynter's cases sudden death was probably due to pulmonary embolism 
following thrombosis of the femoral vein. 

Other arule infective diseases. — It would lead too far to continue a 
detailed inquiry into the association of thrombosis with other acute 
infective diseases. It must suffice to specify typhus fever, relapsing 
fever, dysetitery, erysipelas, suppurative tonsillitis, diphtheria, variola, 
Hcarlatina, measles, Asiatic cholera. In many instances thrombosis, 
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as associiLted with specific infective diseases, has been due to a secondary 
aepticiemin, streptococci being the commonest secondary inv&dera. The 
disposition in or after typhus fever to arterial as well as to venous 
thrombosia should be especially emphasiBed. Thrombosis has been 
added to the growing list of complications of gonorrhcea (Martel, Perrin, 
and Monteux and Lop). 

Tuberculosis. — The consideration of thrombosis directly referable to 
tuberculous processes adjacent to vessels need not detain us. The 
occurrence of intimal tubercles, where the evidence is conclusive that 
tubercle bacilli have penetrated the inner lining of vessels directly from 
the circulation in the main channel, may be mentioned not only as a 
cause of thrombosis, but also as an interesting illustration of this mode 
of infection of the vascular wall. Several instances of endocarditis 
caused by the tubercle bacillus have been described, and mention has 
already been made of tuberculous cardiac thrombi (p. 184). Michaelis 
and Blum have produced vegetative tuberculous endocarditis experi- 
mentally, by injuring the valves in rabbits and then injecting tubercle 
bacilli into the ear veins. Particularly demonstrative of infection 
taking place through the vascular endothelium are the rare instances 
of tuberculous foci in the aortic intima, without invasion of the outer 
coats, and without tuberculosis of neighbouring parte. Two instances 
of this form of aortic tuberculosis have been observed in my laboratory, 
and described by Flesner and Blumer. I have recently examined a 
seciion, in the possession of Dr. Gaylord, of a superficial tuberculous 
focus in the intima of the aorta with an exquisite platelet and fibrinous 
thrombus containing tubercle bacilli attached to the nodule. A similar 
case has been described by Stroebe. These rare instances are cited 
because they furnish conclusive proof that bacteria may penetrate the 
inner lining of vessels from the main channel, even where the blood- 
current is forcible; and may set up inflammation of the intima with 
secondary thrombosis. Helctoen's interesting observations of changes 
in the intima of vessels in tuberculous meningitis furnish additional 
evidence along the same lines. 

Arterial thrombosis, outside of the forms to which reference has 
just been made, and which are of [lathological rather than clinical 
interest, is a rare event in tuberculosis. Most common are the instances 
of thrombosis of the pulmonary artery or its main branches in phthisis. 
Dodwell mentions an instance of thrombosis of both popliteal artery and 
vein. Vaquez, in chronic pulmonary tuberculosis, describes an interest- 
ing case of thrombosis of the left subclavian, axillary and brachial 
arteries with gangrene of the arm : he found streptococci in the ping 
and in the wall of the vessel, including the vasa vasorum, but no 
tubercle bacilli. 

On the other hand, peripheral venous thrombosis in advanced 
phthisis is a comparatively common and well-recognised ailment. In 
great majority of cases veins of the lower extremities, the left 
oftener than the right, have been plugged ; but the thrombus may be m 



the inferior vena cava, or other veins, or the cerebral sinusea. Dodwell, 
in hiB valuable paper on this subject, plauea the proportion of cases of 
phthisis with this complication at abont 3 per cent. In about 1300 
necro[<sies of phthisiciil patients at the Bromptoti Hospital there were 
twenty cases of thrombosis of veins of the lower extremities (1'5 per 

The peripheral venotis thromboses of advanced phthisis are usually 
cited as typical examples of the ni:irantic or cachectic fonn. Dodwell, 
however, while recognising enfeebled circulation as a factor, is inclined 
to refer the thrombosis to some unknown change in the vascular wall 
set up by a complicating septiccemia. Fie emphasiHes the infrequency 
of venous thrombosis with the acute and the very chronic forma of 
phthisis, and its relative frequency with an intermediate type with re- 
mittent or continued fever. He also noted association with intestinal 
and l&ryngeal ulceration in a larger percentage of the thrombotic cases 
than the average. As is well known, secondary septicaemias, usually 
streptococcal, are very common in phthisis. 

There are several records of bacteriological examination of the 
peripheral thrombi in phthisis, which show that they may be of mycotic 
origin. Vai|uez found tubercle bacilli, without other micro-organiams, in 
a thrombus of the loft profunda and femoral veins. They were present 
also in the wall immediately beneath the endothelium, but were absent 
from the media and adventitia. Sabrazes and Mongour in two instances 
found tubercle bacilli both in the plug and in the wall of a thrombosed 
iliac vein : they were associated with micrococci. More frequently 
micrococci, presumably pyogenetic, have been found, without tubercle 
bacilli, in the thrombi and vascular walls : examples of this are recorded 
by Vaquez. Notwithstanding these suggestive bacteriological findings 
it would be quite premature to conclude that all the peripheral 
venous thrombosen of phthisis are referable to direct infection of the 
venous wall by bacteria. In a rather old thrombus of the iliac and 
femoral veins in phthisis I failed to find any micro-organisms, either by 
culture or by microscopical examination. 

Hirtz has called attention to the occurrence of phlebitis in the 
initial stage of phthisis. Some cases so reported have appeared to be 
chlorotic in origin. 

Cai'heetif slates. — Of other marasmic or cachectic states, in which 
thrombosis is somewhat frequent, may be especially mentioned those 
resulting from cancer, dysentery, chronic diarrhrea, gastric dilatation, 
prolonged suppurations esjieciatly of bone, anisinia from loss of blood, 
and syphilis. The association of thrombosis with syphilis has been 
recently discussed by Barbe. Phthisis has just been considereil. It is 
especially in the young and the very old that these conditions are most 
likely to produce thrombosis. Thromboses of the cerebral sinuses, and 
of the renal and other veins, in marasmic infants, particularly after 
diarrhcea, are well recognised. Peripheral venous thrombosis is more 
often associated with the waxy kidney than with other forms of Bright's 
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disGrtse. The thrombi occasionally found in the renal veins in chronic 
diffuse nephritic are probably dtie to local caiisea, and not to cachexia. 

There is a French tbesU by Kigollet on thrombosis in malaria, and 
Pitres, Bitot, und Regiiier have likewise called attention to the subject. 
It is doubtful whether there is any relation between malaria and 
thrombosis. In over 2000 cuses of malaria observed in Professor Osier's 
service at the Johns Hopkins Hospital no instance of thrombosis was 
found. (Personal coramunication by Dr. Thayer.) 

Trousseau attache^l some diagnostic significance to the occurrence of 
thrombosis in cancer. There have been instances of latent cancer of the 
stomach in which peripheral venous thrombosis was the first symptom 
to attract attention, as indeed it was in Trousseau himself who died 
of gastric cancer. Gouget has reported a case of widespread venous 
thrombosis, of eight months' duration, which was the only affection 
observed during life. At the aiitopsy a small cancer of the stomach 
was found. Dr, Osier has told me qf a personal observation of 
very extensive multiple thrombosis associated with cancer of the 
stomach. 

The principal seats of cachectic thromboses are the auricular append- 
ages, between the columnfe carneie of the right heart, in the veins of 
the lower extremities, the cerebral sinuses, Ihe pelvic veins, and the 
renal veins. Lancereaux has strongly urged that this form of thi-omboaia 
never occurs in the arteries. Doubtless in not a few reported cases 
embolism has not been satisfactorily exchidefl ; but older oliservatiotu cd 
Charcot and von Recklinghausen, and several recent ones, leave no doubt 
of the occurrence of genuine so-called marantic or cachectic thrombi in 
arteries, even in the aorta. 

While pre-existing vascular disease, particularly angio-sclerosis and 
varicose veins, are predisposing conditions, these plugs are often aeatod 
upon intimte which show very slight alteration. Indeed competent 
observers have repeatedly described the vessel wall beneath marantic 
thrombi as normal. While secondary septic infections often particijiate 
in the causation of cachectic thromboses, the view that all have this 
origin is at present unsubstantiated. It is clear that enfeebled cir- 
culation is of importance in their causation ; but, for reasons already 
stated, there must be some additional element, which, tn many cases at 
least, cannot well be other than changes in the composition of the 
blood. The nature of these clmngea is not known. Possibly increase of 
platelets, or a special vulnerability of cells, perhaps of the red corpuscles 
from which platelets are derived, may be concerned. 

Canliac iiieompetaici/. — I have alreiidy had occasion in this article to 
speak repeatedly of the importance of feebleness of the general circula- 
tion in the cauealion of thrombosis. Thrombi in the heart itself have 
been consideretl (p. 182). In this respect attention is called to the 
occurrence of peripheral venous thrombosis in chronic pissive congestion 
to cardiac incompetency, chiefly from valvular disease. Especially 
itewortfay, in view of the stow venous circulation and the freijuency 
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-A cardiac thrombi in this condition, is the infrequency of peripheral 
thrombosis. Hanot and Kahn, in reporting an instance of thrombosis 
of the right subclavian vein, say that they were able to find in the 
French literature, which is exceptionally rich in clinical contributions 
to the subject of thrombosis and phlebitis, only five additional obser- 
vations of peripheral venous thrombosis in cardiac disease. I do not 
think that this complication is quite so rare as would appear from this 
statement; for, without any systematic effort to collect cases, I have 
found records of eighteen additional ones — Ramirez (two cases), Baldwin, 
Nicolle, Hirschlaff (two cases), Robert, Ormerod, Mader, Huchard (two 
cases), Cohn (three cases), Cheadle and Lees (three cases reported by 
Poynton); and I have observed two instances of femoral and iliac 
thrombosis associated with mitral regurgitation. 

The most notable fact concerning these twenty-six cases is that seven- 
teen were thromboses of veins of the neck or upper extremity or both, far 
more frequently of the left than the right side; and one of the innominate 
veins. In one of Cheadle and Lees' cases the innominate, subclavian, 
axillary, and internal and external jugular veins upon both sides, 
the left inferior thyroid, and the upper two-thirds of the superior 
vena cava were thrombosed ; and in another of their cases both internal 
jugulars and both innominates were completely plugged, and there was 
a mural thrombus in the upper part of the superior vena cava. It 
may be that femoral thrombosis is more common in heart disease than 
would appear from these figures; it is less likely to be reported 
than thrombosis of the neck and arms, and, on account of the oedema 
attributable to cardiac insufficiency, may more readily be overlooked 
both at the bedside and the autopsy table. When, however, we con- 
sider that Bouchut places the ratio of thromboses of the upper extremity 
to those of the lower at 1 to 50, the relatively large number of the 
former associated with cardiac disease is certainly most striking. The. 
clinical histories seem to show that thrombosis is more likely to 
occur in the cases with tricuspid regurgitation than in others; but 
it is certainly even then a very rare event. In several cases there 
was some complication, especially pressure on the veins and tuber- 
culosis. The explanation of the greater frequency of the thrombosis 
on the left than the right side has already been given (p. 181). 

The relative freedom from peripheral venous thrombosis in cardiac 
disease, in spite of conditions of the circulation apparently favourable 
to such an occurrence, may perhaps be attribuUible partly to the 
reduction in platelets in this condition (which has been noted by van 
Emden), and partly to the absence of von Recklinghausen's " Wirbel- 
bewegung" (p. 181), an irregularity of the circulation which occurs 
especially in vessels too wide in proportion to the amount of blood 
which they receive. Hanot and Kahn refer the thrombosis to a 
cachectic state developing in the last stages of cardiac disease. Huchard 
likewise attributes it to cardiac cachexia associated with secondary 
infection. Cheadle and Lees' three cases are referred by PoyntoUi who 




reports them, to rheumatic infection. The bacteriological exumination 
was negative. 

As will appear later (p. 275), there ia evidence that arterial plugging 
associated with mitral atenoais ia due oftener to primary thrombosis ihiin 
ia generally 8up{)oacd. 

Chlorosis. — The association of thrombosis with chloroaia is of peculiar 
interest. Professor AUbiitt, in his article on "Chlorosis" (vol. v, p. 508), 
has sketched the more essential features, but haa referred some points for 
consideration here. In the ohlcr literature there are reports of plugging 
of the veins in young women which undoubtedly pertain to chloroBiB. 
Thus William Sankey, in 1814, saya: "I have met with two cases in 
young women, not after parturition ; both were severe and well marked ; 
both had obstructed menses." But Trousseau, with his pupil Werner, 
in 1860 waa the first to draw distinct attention to this association. 
Eeforencea to the more important records, up to 1898, will be fouod 
in the recent article by Schweitaer, from Eichhorst's clinic. 

Although thrombosis is not a common complication of chlorosis, it 
ia sufficiently frequent to indicate a sixscial tendency to its occurrence 
in this disease ; a tendency calcnlated to arrest attention on account of 
the age and the class of the patients, the obscure causation, and the 
unexpected and calamitous termination which it may bring to a disease 
ordinarily involving no danger to life, Some idea of the frequency of 
chlorotic thrombosis is perhaps afforded by the statements that von 
Noorden observed 5 instances in 230 chlorotios, and Eichhorst 4 in 243. 
The list of reimrted cases was brought by Proby in 1889 to 21, by 
Bourdillon in 1892 to 32, and by Schweitzer in 1898 to 51. I have 
found reports of 30 additional cases not included in these lists, and 
am indebted to Dr. W. S. Thayer for an unpublished personal obser- 
vation ; making a total of 82. (Referenuea will be found at the end 
of this article.) I have also seen 12 other cases mentioned, but 
without sufficient detail for statistical analysis ; and I have come across 
several references to articles on the subject not accessible to me. 
Slavic and Italian literature haa not been aearched, and the American 
to only a small extent. I have no doubt that mention or reports of 
over 100 cases of thrombosis chlorotica could be gathered by thorough 
overhauling of medical books and periodicals. Thirty-one of my cases 
are from French literature, twenty-five German, eighteen English, three 
Scandinavian, two American, and one Italian. It would, however, be 
quite unwarrantable from this literary inequality to infer any difference 
in the incidence of the affection according to race or country. 

The statistical study of those eighly-lwo cases brings out a number 
of interesting points, of which some only are directly pertinent 
to this article. Thrombi in the heart are very rarely mentioned in 
the post-mortem reports. There were only four iiiatancea of primary 
arterial thrombosis, two being of the middle cerebral arteries (Vergely) ; 
one of the pulmonary (Hendu) without thrombosis elsewhere, and ono 
of the right axillary (Tuckwell) with gangrene of the hand and recovM 
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Dr. Tuckwell reports his case as one of embolism ; but it is usually included 
among the arterial thromboses, and probably with as much or as little 
right as the others. 

All the remaining 78 cases were venous thromboses. There was 
thrombosis of the cerebral sinuses in 32 cases (39 per cent), 6 (19 
per cent) of these being associated with thrombosis of the lower 
extremities. In four instances thrombi extended from the sinuses into 
the internal jugular veins. Unquestionably sinus-thrombosis is repre- 
sented by too high percentage figures in my list, for the obvious reason 
that reports of an affection of such gravity and such interest, especially 
to neurologists, are much more likely to get into print than those of 
ordinary femoral thrombosis. StiU the figures are impressive, and 
indicate that sinus- thrombosis is not of great rarity in chlorosis ; to 
which malady a leading place among the causes of spontaneous 
thrombosis of the cerebral veins and sinuses in women must be con- 
ceded. 

In 51 of the 82 cases there was venous thrombosis of the extremities 
(62*2 per cent — too low a percentage as already explained) ; 50 being 
of the lower and three of the upper, of which only one was limited to 
the upper extremity. Of the 50 cases of thrombosis of the lower 
extremities (which are probably involved in at least 80 per cent of all 
chlorotic thromboses), the process was bilateral in 46 per cent, and 
unilateral in 54 per cent — 34 per cent being left-sided and 20 per cent 
right-sided. The usual preference of femoral thrombosis for the left 
side is shown by the beginning of the affection in the left leg in 64 
per cent of the thromboses of the lower extremities, in the right leg in 
29 per cent, and on both sides simultaneously in 7 per cent. There is 
in the list one case (Kockel's) with meagre history, in which no mention 
is made of thrombi outside of the upper part of the inferior vena cava ; 
death ensued from pulmonary embolism. This I have not included 
among the thromboses of the extremities. 

So large a proportion of thromboses involving both lower extremi- 
ties merits emphasis as a characteristic of chlorotic thrombosis. So again 
the repeated observations of multiple and successive thromboses, re- 
lapses and recurrent attacks (it may be after weeks or after years), all 
point to the peculiar and widespread tendency to thrombosis in some 
cases of chlorosis. The most remarkable example of this is Huels' 
case, in which various large veins of the extremities, trunk and neck 
became thrombosed in quick succession, until finally only the jugular and 
right subclavian veins remained free. The patient recovered. In five 
cases examined after death the inferior vena cava was plugged ; and in 
a few of those who recovered the symptoms indicated extension of the 
thrombus from the iliacs into this vein. 

While the prognosis of chlorotic sinus-thrombosis is extremely bad, 
Bristowe and Buzzard each report an instance of recovery. Such a 
possibility has been questioned, but I see no reason to doubt it. 
Not very infrequently after death in one or more of the intracranial 



siDuses thrombi are found which hnd occasioned no recognisable 
Bfmptoms during life, and no lesions of the bniin. 

A fatal issue of uncomplicated thrombosis of the estromitiea is 
due almoat always to pulmonary embolism, whicL occurs ofteneat in the 
second to the fourth week after the onset, and usually after some move- 
ment of the body. In my collection of cases there are thirteen instAncea 
of pulmonary embolism (25 per cent of the fifty-two cases with venous 
thrombosis outside of the cerebral sinuses). All but two terminated 
fatally. In some other cases there were symptoms suggestive of 
embolism; and doubtless emboli lodged in smaller pulmonary arteries 
without giving any indication of their presence. After making due 
allowance for the undoubtedly disproportionate representation of em- 
bolism of the large pulmonary arteries in published records, this cata- 
strophe remains sufficiently frequent to im{)art a certain gravity to the 
prognosis even of simple femoral thrombosis in chlorosis. 

There are almost as many hypotheses of cblorotic thrombosis as of 
chlorosis itself. None of these introduces any factors which have not 
been considered alreajly under etiology. The principal causes which 
have been assigned, either singly or in conibiuation, may be grouped as 
follows: (i.) feeble circulation due to weakness of the heart, sometimes 
intensified by congenita! hypoplasia of the blood-vessels (Virchow); (ii.) 
alteration of the vascular endothelium, especially fatty degeneration 
(Eichhorst, Kenaut) ; (iii.) primary phlebitis of unknown causation 
(VttC[ue2) ; (iv.) increase of platelets (Hanot and Mathieti, Buttersack) j 
(v.) some fault in the composition of the blood, variously defined as 
lowered specific gravity, deficiency of salts (?) (Renaut), presence of ex- 
tractives derived from muscular activity (Proby), increase of fibrin- 
ferment (Birch-Hirschfeld); (vi.) secondary infection (Villard, Rendu, 
Oettinger, von Noorden). 

It is not necessary here to discuss all these views in detail. 
The data for estimating their value have for the most part already 
been presented iia this article. Such primary lesions of the vascular 
wall as have bceu noted in the thrombosed veins have usually been 
trivial, and are common enough without thrombosis. There is at pre- 
sent no bacteriological basis for the infective supposition. Villard's 
much-quoted observation is unconvincing ; in his case a small piece of a 
peripheral thrombosed vein was excised and examined by Nepveu for micro- 
organisms with negative result. Villard adds that Eossano found micro- 
organisms in the blood, but gives no details ; and there is no evidence that 
these micro-organisms may not have come from the skin. Perhaps 
more weight should be attached to a few observations in which some 
source of infection, siich as funincle, was present. Proby, Lowenberg, 
von Noorden, and other observers have Examined the thrombi and blood 
of chlorotics without finding any micro-organisms. Nevertheless von 
Noorden and others are favourably disiwsed to the infective hypothesis, 
on clinical groumla. Sometimes the onset of chlorotic thrombosis ia 
ushered in by a chill or chilly sensations; usually there is fever, whiot 
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may be well iuarke<1 ; and in geiiorat the fiymptoms are thought by 
some to indicate infection. It does not seem to me iniperntive to 
interpret these symptoma aa necesaarily indicative of infection by micro- 

s with all of the hypotheses which have been sug- 
gested. I think that there may be some significance for the etiolog)' of 
chiorotic thrombosis in the increase of platelet* noted by Hanot and 
Mathieu, and by Hayem ; and determined more accurately by Muir.' I 
shall also venture to suggest that there may be some nutritive disturb- 
ance of the red corpuBcIes, in consenuence of which they digintegrato 
more readily from alight causes, and produce the granular material, 
chiefly platelets, which constitutes the beginning white thrombus ; 
and in support of this opinion I will call attention to Maragliano and 
Casteltino's observations of the lowered resistance of chiorotic red cor- 
puscles. Another element which may enter into the causation is some 
little understood irregularity of the circulution, other than retarded 
flow, which is manifested in the venous thrills and hums ; and which 
jn&y in certain situations, where thrombi most frequently form (sinuses, 
femoral vein), lead to the eddies shown by von Recklinghausen to be of 
importance in the causation of thrombosis ; although I confess that the 
fulness of the veins in chlorosis does not support this suggestion. 

GoHl. — Since tfae publication of the classical pa)>er on gouty phle- 
bitia by Paget in 1866, followed by those of Preacott Ilewett and 
Tuckwell, this affection has been well recognised (see art. on "Gout," 
vol. iv. p. 161). Its causation is unknown. Paget with much reason 
regards the ailment as a primary phlebitis with secondary thrombosis ; 
and in this he has been followed by most writers on the subject. 
Although deposition of urates has been found in the sheaths of veins, 
there is no evidence that gouty phlebitis is caused in this way. Sir 
W. Roberts, on p. 172 of the article just quoted, ingeniously suggests 
that the presence of scattered crystals of sodium biurate in the blood 
may constitute foci around which thrombi may bu formed. 

Idinpalkic Ihrmnhosis. — Paget says that the occurrence of phlebitis in 
elderly persons without any evident external cause warrants the suspicion 
of gout; and that this is perhaps the most common form of i<liopathic 
phlebitis. There remain, however, rare instances of apparently spon- 
taneous throm bo-phlebitis, occurring in previously healthy individuals, 
which cannot be explained in this way. Daguillon has observed and 
collected a number of such cases. 

Primary infedke Ihromlmsu. — There are rare instances of arterial and 
venous thrombosis, generally widesiiread, which present the characters 
of an acute infective disease without anatomical lesions other than the 

' Bntteriuck bw reoeatlx detcrlbed tlii) pieaeace In Uic blood of chlototics of cylin- 
dlleal mBMfB of iiktoloU idBntical with the first form of Utten'* blood -ejliiiilers. TliniB 
be gnulilrrs to be capillary platsltt-thmmlit, wliich hHTe been wuhtJ out bf lliH cjnu- 
Uting lilood. While tbef may o»ur in other cnaditioDs, Butleruck umcistes them 
espwiilly with chlonMit. It renmins to Iw detemiininl vbu>th«r tills cut'like unnse- 
mnil of pUleleta is not tbe rernilt of t)ie mods of pre]iiriilii>a of the Bpcclmen of blood. 
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thrombo-plilebiliB, or thromlio-arteritis, and the changes consecutive to 
the vascular obstruction and to the vascular or general infection. The 
thrombosis may be referable to » primary infective angeiitis, or to n general 
infection with chitngea in the blood and circulatory disturbances. The 
former class of cases may be considered analogous to mycotic endo< 
carditis, the localisation being in the vascular intima instead of in the 
endocardium. In the latter group, which probably ic not strictly separ- 
able from the former, the veins or the arteries are plugged with thrombi, 
which are often extensive and multiple. The venous is more common 
thati the arterial form. Vessels both of the extremities and of the 
viscera may be invaded. The att'ection appears as tin acute infective 
fever with the special localisation of the process in the blood-vessels. 

As belonging to the group of primary infective thrombo-phlobi- 
tides I shoTild interpret a case reported by Dowse. A woman, 43 
years old, previously in good health, was suddenly seized with chills, 
fever, and graat prostration, accompanied by the rapid onset of severe 
pain and (edematous swelling of the right leg. Death occurred after 
two and a half weeks. At the auto]i3y the iliac, femoral, jwpliteal, 
and deeper veins were found to be Glled with mixed, adherent^ predomi- 
nantly re<! thrombus. The tissues around the thrombosed vessels were 
suffused with blood. 

Oiler has reported an instance of the arterial form of primary infec- 
tive thrombosis. A man, aged 20, who had recovered from typhoid 
fever two years previously, presented fever, rapid pulse, diarrbwa, and 
abdominal pain, followed by gangrene of both legs extending to the 
middle of the thighs. He died about two weeks from the beginning of 
the illness. At the autopsy was found thrombosis of the femoral and 
iliac arteries, of the lower two inches of the abdominal aorta, and of 
two largo branches of the splenic artery. The spleen was enlarged, 
and contained large infarcts, one the size of an orange, which had given 
rise to peritonitis. There were infarcts also in the right kidney. 
Numerous micrococci were found in the splenic infarct, and in the exudate 
covering it. The heart, the intestine, the brain, and the lunge showed 
no lesions. 

Effects and Symptoms. — The lesions and the symptoras produced 
by thrombi are referable to the obstruction of the circulation caused by 
the plug, and to the local and constitutional effects of irritative or toxic 
substances which may be present in the thrombus or vascular wall It 
is obvious that these effects must vary with the functional importance 
of the pari supplied by the obstructed vessel ; with the rapidity, extent, 
and completeness of the obstruction; with the location of the plug in 
heart, artery, capillary, or vein ; with the size of the vessel ; with the 
readiness of establishment of a collateral circulation ; with the nature 
of the thrombus, and with associated local and general morbid condi- 
tions. Thus the obstruction of each important vessel produces its own 
anatomical and clinical picture. The thromboses of certain vessels, aa 
the intracranial sinuses, the portal vein, the femoral vein, ar 
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characteriserl, distinct alTections, which receive separate consideration 
in medical books, Bnt I know of no modern work which presents in 
a eystematic and thorough way the anatomical and clinical characters 
of occlusion of each of the important vessels of the body; although 
scattere<l through medical literature is a large and to a considerable 
extent unutilised casuistic material for such monographic treatment. 
In this article, treating of the subject as a whole, the more general 
consideration a concerning the effects of thromboBis, with special refer- 
ence to certain common and clinically important localisations which 
do not receive separate treatment elsewhere in this work, will be j^e- 
sented. Widely different are the effects according as the thrombosis is 
cardiac, arterial, capillary, or venous. 

Of cardiac thrombosis. — If the presence of globular cardiac thrombi 
could be determined during life, it would be generally recognised as an 
index of grave impairment of the heart's action. But, apart from 
furnishing emboli, ordinary globular thrombi are not known to occasion 
any symptoms. There may be instances when during life cardiac 
thrombi may be suspected as more probiible sources of emboli, particu- 
larly of those cauBiug pulmonary infarction, rather than either endocardial 
vegetations or venous or arterial thrombi ; but beyond conjecture the 
diagnosis can hardly go. Gerhardt attributed to the pressure of throm- 
bosed auricular appendages upon the pulmonary artery or aorta murmurs • 
heard over the arterial orifices of the heart; but other causes of such 
murmurs are commoner and better recognised. The encroachment of 
massive thrombi and of pedunculated polyps upon the orifices of the 
heart may occasion murmurs, thrills, and symptoms indistinguishable 
from those of valvular disease. In three such cases, involving the mitral 
orifice, von Ziemssen observetl gangrene of the feet, which he was inclined 
to refer to arterial thrombosis rather than to embolism ; but this symp- 
tom has not the diagnostic value which he assigns to it, for in other 
cjiaes it was present only exceptionally, and it may occur in ordinary 
mitral stenosis. Unless the orifices are encroached ujion, the mere pres- 
ence even of large thrombi usually occasions little or no disturbance of 
the heart, or none which can be distinguished from that of associated 
valvular or mural diseitse. The clinical features of ball-thronibt have 
already been considered (p, 188). 

Of aHerial thromliosis. — The effects of arterial thrombosis are so much 
like those of embolism that it will he convenient to defer the detailed 
consideration of their manifestations in common to the article on em- 
bolism {p. 235), and here to speak only of the more distinctive features 
and clinical types of arterial thrombosis. 

Whether the occhision of an artery be by a thrombus or an embolus, 
the result, apart from possibly infective properties of the plug, depends 
upon the jxissibility of establishment of an adetjuate collateral circula- 
tion. If the anastomoses are such as to permit the ready development 
of a collateral circulation, an arterial branch may be plugged without 

mechaDical effects. In the case of certain visceral arteries, as the 
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terminal cerebral, branches of the splenic, and of the renal, a collateral 
circuktion Bufficient to nouriab the part supplied by the occluded artery 
cannot be established, even with a slowly -forming thrombus. In some 
situattonx, however, arteries whose abrupt obstruction by an embolus 
may cause the gravest lesions and symptoms, may be closed gradually by 
thrombus without serious consequences. This has been observed in 
thrombosis of various arteries of the extremities, necit, and trunk; as the 
femoral, the iliac, the carotids, the mesenteric, the cceliac axis, a main 
division of the pulmonary artery, and even the aorta. But in order to 
secure whatsoever advantage may accrue from its slower formation, the 
thrombus must find other conditions favourable for the development of 
a collateral circulation ; and often enough these conditions, of which the 
most important are integrity of the arterial walls and vigour of the 
general circulation, are absent. Furthermore, thrombosis is often rapid 
in attack, and hence, whether the plug be a thrombus or an embolus, 
the result is frequently the same. 

In the differentia! diagnosis between arterial thrombosis and embolism 
emphasis is properly laid in the former upon the more gradual agi- 
pearance of the symptoms of vascular occlusion and pre-existing arterial 
disease, and upon sudden onset and the detection of some source for an 
embolus, particularly cardiac disease, in the latter (see Diagnosis of 
Embolism, p. 253). But mistakes in diagnosis are sometimes imavoid- 
ablc ; fur all the clinical phenomena which attend the one may occa- 
sionally be associated with the other form of arterial obstruction. Nor 
can the distinction always be made, with the desired precision, at the 
autopsy, although generally this is decisive. Hence cases are reported 
as arterial thrombosis which are doubtless embolism, and conversely. 

Within recent years primary arterial thrombosis, occurring inde- 
pendently of chronic diseases of the arteries, has been recognised as a 
more frequent and important affection than had been generally supposed 
since the acceptance of Virchow's doctrine of embolism. Of especial 
medical interest are the primary arterial thromboses, arising oftener 
as a sequel during convalescence than as an accompaniment of various 
infective diseases, iiarticularly of enteric fever and influenza. The as- 
sociations and localisation of these thromboses, as well as the prevailing 
view that they are infective and referable to an acute arteritis, have 
already been considered. 

Arterial thrombods of the exiremilies. — -When, as is usual, arteries of 
the lower extremities are affected, the first symptom is pain in the limb. 
This is often severe and paroxysmal, and is increased by pressure at 
certain points in the course of the vessel. The oblitei-ated artery may 
be felt as a hard, sensitive, pulseless cord ; and below it pulsation may he 
feeble or cease altogether. Before obliteration the pulsations may be 
of wider amplitude than normal, in consequence of lack of arterial tone 
(Gendrin, Bari^). The leg, especially about the foot and ankle, becomes 
pale, cold, mottled with blush-red spots, numb and paretic. With low__ 
of tactile sensation there is often increased sensitiveness to i 
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pressions. There may be diminution or loss of muscular reaction to both 
galvanic and faradic currents. There may be increased moisture of the 
skin, and some cedematous swelling of the affected leg. Unless adequate 
collateral circulation be speedily developed the termination is gangrene. 
"While the extent of the gangrene is in relation to the seat of the 
obstruction, it varies also according to the collateral circulation ; so that 
with occlusion of the femoral or iliacs it may affect only the foot or 
even a toe ; or with closure of the popliteal or tibial arteries it may 
extend as high as the point of obstruction. The gangrene is usually 
dry ; but if septic inflammation or closure of the veins occurs it is 
likely to be moist. Recovery may follow with loss of the gangrenous 
part ; or death may result from exhaustion, from extension of the morti- 
fication, from septicaemia and toxaemia. 

The rarer arterial thrombosis of the upper extremities may likewise 
lead to gangrene ; but here the chances for restoration of the circulation 
through the collaterals are much better. 

I have already referred to the relations of thrombosis to senile, 
spontaneouJB, and other forms of gangrene (p. 178). Heidenhain and 
Naunyn hold that arterio-sclerotic thrombosis is the usual cause of diabetic 
gangrene; but further investigations into the causes of this form of 
gangrene are needed. Thrombosis of the abdominal aorta presents a 
group of symptoms which will be described under Embolism (p. 273). 

The complex of symptoms called by Charcot " intermittent claudica- 
tion " may be observed with thrombosis of arteries of the lower ex- 
tremities, or of the iliacs or abdominal aorta ; but it is more common with 
arterio-sclerosis. The term " intermittent claudication " (boiterie) is 
used by French veterinarians to describe similar symptoms in horses 
affected with thrombosis of the iliac arteries, which is not a rare disease 
in these animals. In these cases the lower extremities receive enough 
blood for their needs during repose, but not during active exercise. The 
slighter manifestations consist only in some muscular weakness and 
numbness of the legs after exercise ; but in more severe cases, after 
walking a quarter of an hour or perhaps less, occur great muscular weiik- 
ness, numbness, and pains and cramps in the legs, which may become cold, 
exsanguinated, sometimes cyanosed in the periphery, and almost pulse- 
less. All of these symptoms disappear after repose, perhaps of but a few 
minutes' duration. Charcot's syndrome has in a number of rej)orted 
cases been a precursor of arterio-sclerotic gangrene, but it may exist for 
years without this event. The phenomena are unilateral or bilateral, 
according to the seat of the arterial obstruction. Spasm of the arteries 
is evidently an important element in the pathogeny of intermittent 
claudication. 

Other evidences of inadequate collateral circulation with arterial 
thrombosis of the extremities may be muscular atrophy and so-called 
trophic disturbances, which are generally the result of traumatism or 
of some infection in the member whose natural resistance is lowered by 
the imperfect blood-supply. 
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Thrombosis of Ike visceral arteries may produce lesions and symptomH 
identical with those following embolism, Buch as Budden death from throm- 
bosis of the pulmonary artery, of the coronaries of the heart, or of 
the basilar ; iechiemic cerebral softening, and infarctions of the lungs, 
heart, eploen, kidneys, retina, and intestine, with their attendant 
symptoms. 

Thrombosis of the pulimnari/ artery. — It is especially to be noted that 
thrombosis of the pulmonary artery, both in its principal divisions and 
in the smaller branches, is often entirely latent, both as regards result- 
ing lesions in the lungs and the symptoms. Thrombosis of the main 
trunk or primary branches may, however, produce sudden or rapid death ; 
or a sub-acute or chronic affection characterised by dyspnosa, cyanosis, 
beemoptoic infarctions and incompetency of the heart, aa in a case 
reported by Blachez, 

Dr. Newton Pitt believes that thrombosis of the pulmonary arteries Is 
far more frequent than is generally supposed, even going so far as to 
say " that thrombosis in the pulmonary artery, so far from being very 
rare, possibly occurs more frequently than in any other vein or artery 
in the body." This opinion is baaed partly upon fnilure to find a source 
for an emholus ; in the right heart or systemic veins, and partly upon 
absence of folding, fracture, or other appearances of the plug suggestive 
of an embolus, as well as upon association with general conditions known 
to dispose to thrombosis. A similar remonstrance against the current 
interpretation of so many plugs in the pulmonary arteries as embolic in 
origin was made by Bristowc in 1869. In my experience sclerosis and 
fatty degeneration of the intima of the pulmonary vessels is not par- 
ticularly uncommon ; and I also believe that priniary thrombosis of the 
pulmonary arteries, particularly of medium-sized and smaller branches, 
is more frequent thati is usually represented in text-books. Still, for 
reasons to be considered under Embolism (p. 262), the evidence seems 
to me in favour of the usually accepted opinion that the majority of 
plugs found in the pulmonary artery and its main divisions in cases of 
sudden death are emboli. 

Thromhosii of the twonary arteries of ike heart.'* Cardiac infarction. — 
Although the general subject of infarction from arterial occlusion is 
reserved for the article od embolism, infarction of the heart is caused so 
much more frequently by thrombosis than by embolism that it is more 
appropriately considered here. 

Thrombosis of the coronary arteries is in the great majority of cases 
an incident of angio-sclerosis of the heart, an affection of great clinical 
importance. It may also result from acute or chronic ondaortitis near 
the orifices of these arteries, and possibly from acute inflammation of 
the coronary arteries. Thrombotic vegetations, springing from the 
aortic valves, have been known to block the mouth of one of the 
coronary arteries. 
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There has been much discussion concerning the existence of anasto- 
moses of the coronary arteries. It has been demonstrated that anasto- 
moses exist between the main trunks of these arteries, the most important 
being those between the auriculo-ventricular branch of the left coronary 
and branches of the right coronary in the sulcus on the posterior surface 
of the heart, forming a horizontal or equatorial auriculo-ventricular 
circle (Haller), and those between the anterior and the posterior inter- 
ventricular branches near the apex of the heart, forming a vertical or 
meridional circle. There are also anastomoses on the surface of the 
left auricle between branches of the left coronary and those of the left 
bronchial artery. There are, however, no anastomoses between the 
branches of the coronary arteries after they have penetrated the myo- 
cardium, these intramuscular branches being anatomically terminal 
arteries. 

These anastomoses do not usually suffice for the nutrition of the 
heart after rapid occlusion either of the main trunks or of intramuscular 
branches. Thrombosis of one of the coronary arteries may be the cause 
of sudden death. Barth reports the case of a robust young man, aged 
thirty, who died suddenly when in apparently the best of health. At 
the autopsy it was found that the mouth of the right coronary artery 
was blocked by a thrombus, the size of a pea to a bean, attached to a 
small atheromatous patch of the aorta, close to the opening of the right 
coronary. By a singular fatality this first and only atheromatous patch 
to be found anywhere in the otherwise perfectly healthy body had 
formed at the particular point where the small thrombus springing 
from it stopped one of the streams feeding the very fountain of life. 

Porter has shown experimentally that the frequency of arrest of the 
heart after closure of the coronary arteries is in proportion to the size 
of the artery occluded ; and that when arrest occurs it is preceded by a 
fall of aortic pressure and an increase of the diastolic intraventricular 
pressure. This increased intracardiac pressure checks the flow of blood 
in the coronary veins, and thus interferes with the coronary circulation 
in the entire heart. 

There are, however, many recorded cases which demonstrate that 
the main trunk of one of the two coronary arteries may be plugged by 
a thrombus without causing sudden death. In an instance reported by 
Dr. Percy Kidd the i)atient suffered from extremely irregular and weak 
action of the heart, shortness of breath, and paroxysms of dyspnoea ; 
and gradually sank from cardiac failure. The right coronary artery, 
about three-quarters of an inch from its origin, was blocked throughout 
by a firm, partly decolourised, adherent thrombus. The left coronary, 
particularly its descending branch, was greatly narrowed by sclerosis. 
There were no infjirctions or fibroid patches in the heart. Chiari has 
reported an instance of thrombotic occlusion of the main stem of the 
right coronary giving rise to an embolus which lodged in the main trunk 
of the left coronary artery. Sudden death was caused by the latter. 
In areas supplied by the right coronary were ischemic ip' 
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showing reactiva inflammation. These, as well as ihe symptoms and 
the appearance of the thrombus, indicated thtit the muin trunk of the 
right coronary artery had been closed for lit least several days before 
death. 

If the patient lives long enough, the usual, but not absolutely im< 
perative, anatomical result of thrombosis either of the main trunks or 
of intramuscular branches of the coronary arteries, is infarction in the 
urea supplied by the occluded artery. As the descending or anterior 
interventricular branch of the left coronary is by far the moat fre- 
quent sent of sclerosis and consequent thrombosis, the infarct ia moat 
commonly situated in the lower part of the interventricular septum an<l 
of the anterior wall of the left ventricle. The size of the infarct corre- 
sponds in general to that of the occluded artery ; but, as a rule, the 
infarct occupies only a part, sometimes but a small part, of the area 
previously supplied by the obstructed vesseL Unlike infarcts in most 
other situations, those of the heart are not, as a rule, typically wedge- 
shaped, but are often irregular in outline, and flometimes appear ae if 
several smaller areas of infarction had coalesced ; indeed there may 
be multiple, detached infarcts resulting from occlusion of a. single artery. 
Both pale, anoemic infarcts and hferaorrhagic infarcts occur in the heart, 
but the former are the more common. Fresh, aniemic infarcts are 
swollen, firm, of an opaque yellowish- white colour, and often present in 
the margin a zone of hyporjeraia and hiemorrhage. Microscopically, 
they are the seat of typical coagulative necrosis ; the muscle fibres being 
devoid of nuclei, indistinctly striated or homogeneous, and of brittle 
consistence. The term myomalacia cordis, introduced by Ziegler, is not 
a good designation of nirnt fresh infarcts of the heart. The infarct 
usually reaches the endoc.irdium, which then presents a mural thrombus ; 
and it may extend to the ]>ericardium and cause a localised fibrinous 
pericarditis. A reactive inflammation leading to the ingrowth of granu- 
lation tissue appears in the margin of the infarct, which, in course of 
time, is absorbed and replaced by scar tissue, unless it become infected 
and suppurate. 

Cardiac infarction may be the cause of rupture of the heart, or of a 
parietal aneurysm ; or may result simply in a fibroid patch. It is more 
common than would appear from the meagre attention usually giyen 
to the subject in textrbooka, and is of much anatomical and clinical 
interest. 

The symptoms associated with coronary thrombosis are those of tbe 
angiosclerotic heart, so that it is hardly possible to make a positive 
diagnosis of thrombotic occlusion of the coronary arteries. IrTegal»r, 
often slow pulse, shortness of breath, precordial distress, angina pectoris, 
sudden death, all these may occur from sclerosis of the coronary arterie^ 
either with or without thrombosis. Fibroid myocarditis ia often present 
and directly referable to arterial obstruction ; but the changes in the myo- 
cardium are probably of much less clinical importance than the under- 
lying disease of the coronary arteries. R. Miirie has recently published 
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a yaluable monograph on infarction of the myocardium and its conse- 
quences, with a full consideration of the previous literature and the 
addition of many new observations. 

Thrombosis of the mesenteric arteries will be considered with embolism 
of these arteries (p. 268). 

Thrombosis of the cerebral vessels will be described in the part of this 
work treating of diseases of the brain in the next volume. 

Here may be mentioned the interesting observations of recent years 
concerning the dependence of certain diseases of the spinal cord upon 
affections of the blood-vessels of the cord, arterial thrombosis being an 
especially important factor in many of these cases. 

Capillary thrombosis, — ^In consequence of the abundant anastomoses, 
it is only when all or nearly all of the capillaries of a part are thrombosed 
that any mechanical effects result. Such extensive capillary thrombosis 
is more frequently the result than the cause of necrosis of a part. 
According to von Recklinghausen, superficial, often extensive, necrosis 
of surfaces, as of the skin and mucous membranes, may 1)e caused by 
widespread hyaline thrombosis of capillaries resulting from the energetic 
action of thermic, chemical, and even mechanical agents. In frost- 
bites and burns there may be extensive local hyaline thrombosis of 
capillaries and small vessels. I have already referred to my observa- 
tions of anuria in swine, caused by extensive hyaline thrombosis of the 
renal capillaries (p. 161). Although in many cases I have seen similar 
hyaline thromboses in human kidneys, they were never so extensive as 
to seem likely to cause recognisable symptoms. Several years ago I 
drew attention to the presence of hyaline in capillaries and arterioles in 
the walls of some fresh gastric ulcers, and since then I have been able to 
repeat the observation in three or four instances. 

Effects of venous thrombosis, — Thrombosis is so pre-eminently an 
affection of veins that chapters in text-books treating of the general 
subject usually pay scant attention to its occurrence in other jMirts of 
the circulatory system. In the veins thrombosis occupies the field of 
intravascular plugging almost alone, for it is only in the portal system, 
and in the rare instances of retrograde transport, that embolism enters 
into consideration ; such extraordinary occurrences as embolism of the 
azygos vein, resulting from thrombosis of the inferior vena cava, reported 
by LfOschner, being mere pathological curiosities. 

The direct effects of venous thrombosis, as of arterial, are referable 
to the mechanical obstacle to the circulation and to the properties of 
the thrombus. The mechanical effects result from inadequacy of the 
collateral circulation. The free venous anastomoses in many parts of 
the body prevent any disturbance of the circulation as a result of 
venous occlusion by simple or benign thrombi. Such innocuous throm- 
boses are jmrticularly common in the pelvic veins. In some situations 
veins, whose rapid occlusion may cause serious lesions and symptoms, 
may be slowly plugged by a thrombus without manifest harm. For 
example, it is not uncommon to find at autopsy the main trunks of 
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the renal veins completely thromboBed, without consefiuent alteration 
of the kidney or corresponding symptoms during life ; although we know 
that ligation of these veins causes hiemorrhagic infarction of 
kidney with albuminous, bloody urine. 

Frequently, however, the contrast between the effects of ligation ari 
those of thrombosis of veins is in the other direction ; the thrombosis' 
being followed by venous congestion, and the ligation of the same veins 
being without evident disturbance of the circulation. The latter 
dilforence is not always easy to explain ; but the factors to which v 
often appeal with more qr less success, in attempting to account for t 
absence of aufGcient collateral circulation with venous thrombosis, a 
the extent of the occlusion, general debility, feebleness of the 
tion in consequence of coexistent anfemia, infection, cachexia or t 
Btitntioual disorder, generally high venous pressure and low arterial 
jireasure, lack of muscular movement and perhaps of other subsidiary 
forces aiding venous circulation, phleboscleroais, inflammatio 
less evident affection of blood-vessels called upon for extra work 
and irritative or toxic properties of the thrombus. The importance <j^ 
these, and perhaps other accessory conditions, in explaining the paaaivl 
congestion of many venous thromboses in human beings is made evident, ' 
not only by the inability to produce similar effects experimentally by cor- 
respondingly slight or moderat« degrees of venous obstruction, but also by 
the varying effects of thrombotic processes wilh the same localisation 
and extent in different persons and under different conditions. Thus femo- 
ral thrombosis may be attended by absolutely no (Edema or passive conges- 
tion, or may occasion extreme degrees of oedema and venous congestion. 

The consequence of the passive hypertemia caused by venous throm- 
bosis is local dropsy. This constitutes the characteristic symptom of 
uncompensated venous obstruction by a thrombus, as local necrosis does 
thttt of uncompensated arterial thrombosis. In addition to the cedema, 
there may be diapedesis of red corpuscles, but this occurs to a perceptible 
degree only when the obstruction to the venous flow is extreme, or the 
capillaries unusually permeable. Such hiemorrhages are very 
iu peripheral venous thrombosis, but are common with tfaromboeis ^ 
the [Kjrtal and mesenteric veins, the cerebral veins and sinuses, I 
s denic, the retinal, and some other visceral veins. Actual necrosi8 n 
likewise result from thrombosis of the mesenteric, cerebral, and splei 
; but, if it occurs at all with thrombosis of veins of the extiemitii 
it is extraordinarily rare, and probably due to complications. 

In addition to these effects, due directly to the blocking of tbeventM 
circulation, even so-called benign or simple thromboses often set up ^ 
acute inflammation in the venous wall and surrounding part; 
already explained, this inflammation may antedate the ihromlx 
These chemical, as distinguished from mechanical, effects consist chieflj 
in arterial hyperemia, inflammatory cedema, pain, implication of nerves, 
and constitutional symptoms, such as chills, fever, and quickened pulse, 
e of these irritative or toxic effects, even with the so-called 
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mamntic thromboses, is an argument (in addition to those already con- 
sidered) in favour of the infoi;tive nature of many of these plugs, and of 
their primarily phlebitic origin. But while undoubtedly significant of 
fiiich an interpretation, it can hardly bo considered conclusive; for it is 
possible that certain thrombi may possess initative properties nut 
attributable to the presence of miiiro-organisras or their products, and that 
the phlebitis, as well as the periphlebitis, may be secondary. However 
thia may be, the old distinction between benign and infective thrombi no 
longer appeara so sharply marked as was once Bup{xiBed. 

In rare instances the venous medical thromboses associated with 
anmmic, infective, cachectic, and constitutional diseases are plaiidy 
septic, and give rise to phlegmons, and perhaps pytemia or septiciemia. 
The suppurative or septic thrombophlebitis, which with its attendant 
pyaemia was in pre-antiseptic days such a common and formidable 
wound complication, belongs to the surgeon's domain, or, in puer[>eral 
sepsis, to the obstetrician's. {See arts. " Pyemia " and " Puerperal Septic 
Disease " in vol. i.) To the borderland of medicine and surgery belong 
certain septic thrombophlebi tides of visceral veins, of which the 
most important medical group, those of the portal system, has been 
consider^ by Professor Cheytie (vol. i.), and by Dr. Davidson in his 
article on "Suppurative Hepatitis" (vol. v. p. 123). Thrombosis of 
the umbilical vessels, which may occur either before or after birth, may 
bo either simple or septic. The latter is an im])ort*int atTection, the 
consideration of which belongs to traitises on diseases of infants. 

There is perhaps no pathological phenomenon which, on the face of it, 
appears simpler of explanation than the local osdema consequent upon 
venous obstruction, but which, the more it is investigated, turns out to 
be, or at least is made to appear to he, more complicated. The explana- 
tion which naturally occurs to one, and which is often given, is that the 
oedema is duo simply to increased filtration of serum from the blood, in 
consequence of the rise of intravenous and iiitracapillary pressure 
resulting from the obstruction to the venous circulation. It is certain 
that this simple explanation does not suffice, at any rate for most venous 
thromboses, and that factors other than the mere rise of blood- pressure 
in the veins and capillaries are concerned ; but as to the nature of these 
other factors there is great difTerence of opinion. The whole problem is 
wrapped up with that of the hypotheses of lymph- formation and lymph- 
absorption, BO lively at the present day, into the discussion of which it 
is impossible here to enter. Corresponding to the two classes of these 
hypotheses, we have mechanical hypotheses and vital or secretory hyiKi- 
theses of the tedema of passive congestion. The mechanical explanations 
are at least easier of comprehension. Cohnheim attributed this form of 
cedema to increased venous and capillary pressure, combined with increased 
permeability of the capillary wall due to malnutrition.* Starling and 

' Cohulicim a Minetimes qiiotctl aa consideriug fncrc^isecl preunre a lufBciant eipluiiCinn 
of mechuScal teilema, •Ithongli in his Allgtiufine Patkologie, Bd. L p. 494, he exprensly 
ncogniivs u an nddltlon&l ractor "nnknawn influences ou the part of the living veMol-Hslt." 
Ai I tuhl opportUDity, wLda workiog iu hii lilnriitorf ou t problem concanuog (sdunK, to 
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Cohnetein, with full knowledge of the later work, to which they hava 
made important contributions, are advocates of a similar explanation. 

Doubtless several facton;, although not all necessarily operative in 
the same case, are concerned in the causation of the (Edema of venous 
thrombosis. Those which seem to me most apparent are the following: 
(i.) increase'l intra-venons and intm-capillary pressure, with consequent 
increased transudation of serum (not alone sufficient, for tying the 
femoral vein or inferior vena cava generally c»usea no oedema); (ii.) in- 
creased permeability of the capillary walls, which may be due to various 
causes, such as stretching from larger content of blood, starvation and 
asphyxia of capillary endothelium from lack of fresh supply of nutriment 
and oxygen, and injury from abnormal composition of blood in aniemic, 
infective, cachectic, and constitutional disease, or from inflammatory 
irritants ; (iii.) diminished absorption of lymph in consequence of lack of 
muscular movement, of imbibition of the capillary walls with fluid, and 
especially of retarded capillary and venous flow ; (iv.) arterial dilatation 
from irritative or inflammatory Influences emanating from adjacent 
thrombosed veins, probably also from the asphyxiated tissues, and acting 
either directly ujion the arterial wall, or directly upon vaso-motor nerve*, 
or reflexly (here the conditions resemble those in Ranvier's well-known 
experiment of tying the inferior vena cava or femoral vein, and producing 
vaso-motor paralysis by section of the sciatic nerve) ; (v.) sometimes a 
watery condition of the blood rendering it easier of filtration. Experi- 
ments of Dr. Lazarus-Barlow indicate that changes in the chemical composi- 
tion oE the tissues and tissue-fluids are also a factor in the production of 
the cedema.^ The influence of hydrostatic pressure is evident from the 
greater frequency of cedoraa with thrombosis of the lower than of the 
upper extremities, and from the eff'ect of position upon the amount of 
the osdema. While these various factors can be conceived as essentially 
physical and chemical in their action, the living capillary wall upon 
which they act, either directly or indirectly, is to be thought of as 
something difTcrent from a dead animal or artificial membrane. 

Opposed to those mechanical explanations are the secretory hypotheses 
of (edema, of which Hamburger and Laeanis- Barlow are leading 
exponents. Of especial importance is the work of Lazarus-Barlow upon 
the (edema of passive congestion. He finds all the physical explana- 
tions inadequate ; and, upon the basis of interesting experiments, he 
concludes that a principal factor is increased secretion of lymph by the 
capillaries incited by starvation of the tissues and accumulation of waste 
metabolic products. His Manual of General PalMoijy may be consulted 
for a fidl presentation of his views and a criticism of the mechauical 
hypotheses of (edema. 

tiecnme fuaUlBr nitli hia viewii on Vbix subject, I may 1w permitted to ta,j tbit he 
■pnk« of lDcrea«ed permeibility at the capillary witll u sn eismtial factor in 
of Ibc cpduuia or pawive coogeation. 

' To thise chaagwk b> tlie cann of altentioiiR in o«matic prBUnre, Lo«b {Pfiaga^i Ai 
1S98, liiL p. 4S7) asilgiiK the chief lm{>ortauCB in the pralni.'UaD of (Edema. 
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The oedema of phl^masu alba dolens is by do means all due to venous 
congestion. Much, sometimes most of it, is an inflammatory cedema spread- 
ing from the thrombosed veins. This is evident partly from the hard, 
brawny, painful, at times warm character of the swelling (oedema calidum) ; 
and partly from its location in the part of the extremity nearest the affected 
veins. The oedematous swelling may b^n above and extend downwards, 
instead of in the usual direction from below upwards. The hydrarthrosis 
often associated in moderate degree with phlegmasia is probably also 
referable to an inflammatory serous exudate rather than to passive tran- 
sudation from venous obstruction. It occurs especially in the knee-joint. 

Thrombosis of vtiiu of the adremiiUs, — Clinically the most familiar 
form of venous thrombosis is that of the extremities ; the lower much 
oftener than the upper. Its various sites and clinical associations 
have already been considered (pp. 179 and 191). The affection may be 
entirely latent ; or may be recognised by a slight or moderate unilateral 
oedema without general or other local symptoms ; or may be in the form 
of well-marked phlegmasia alba dolens ; or rarely may assume a severely 
infective character, with chills and high fever ; or, exceptionally, may 
lead to phl^mon and pyaemia or septicemia. There is every transition 
between the extremes. The latent and milder types occur especially 
with tuberculosis, cancer, and other cachexiae ; the more severe manifest- 
ations with phlebitis of the puerperium, infective diseases, and chlorosis ; 
but there are many exceptions to this rule. 

In the more acute and well-characterised cases the general symptoms 
are chiefly manifest at the onset ; and consist in moderate elevation of 
temperature, rarely preceded by a distinct chill, oftener by chilly sensa- 
tions and quickened pulse. Increased frequency of the pulse may 
antedate the rise in temperature, and the pulse may remain rapid after 
the temperature falls. This disproportion between pulse and tempera- 
ture is of diagnostic value (Mahler, Wyder, Singer),^ but it is not always 
present. These general symptoms of the initial stage, which may persist 
for days, are often overlooked ; or they are masked by an existing febrile 
disorder. They are probably present in some degree, even in mild cases, 
oftener than the clinical records show. 

The characteristic symptoms are the local ones in the affected leg. 
Pain, often paroxysmal, is usually the first to attract attention ; but 
sometimes it is the oedema The pain may be severe. It is more or less 
generalised, with especial tenderness in the groin, the inside of the thigh, 
the popliteal space, and the calf. Often it is first noted and may 
remain localised in the calf ; as is true of the oedema also. There may 
be sensations of numbness or of "pins and needles." The cardinal 
symptom, oedema, sometimes descending sometimes ascending, gives rise 
to the firm, painful swelling of the limb, covered with tense, shiny, 
smooth, white or mottled skin, marked often by dilated veins, whence 

^ Singer {Arch. /. OyniUc 1898, Ivi. p. 218) has made a careful study of the pwlse-curve 
in pnerperal thrombosis. A step-like acceleration of the pulse-curve often precedes other 
manifestations of thrombosis by several days. 
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comes tlie name milk-leg or white leg. The <E4]ema in typical phleg- 
mtkSM alba dolens is hard and elastic, pitting but little an pressure, 
iiially the skin has a more livid, cyanotic hue, or it may be of a 
brighter red. In the more acute cusea the eurface temperature is 
elevated ; in otherH it m often lowered. MuBuular movemeiita are 
laturally restrained, and it la said there may be aotual paresis. Tlie 
thrombosed vein, if accessible to palpation, can often be felt as a hard, 
tender cord ; but it is beat not to attempt to gain this information, which 
in most cases is of little practical importance. The sensation obtained 
from palpating the vein may be mialcading in consequencQ of the peri- 
phlebitia, or of the soft character of the thrombus. Certainly, in view 
of the manifest danger of detaching an embolus, only the gentlest manipu- 
lations are permissible. If the thrombosed vein bo superficial, it may 
aometimea be seen as a line of livid rodnesa beneath the skin. It is net 
always tender on palpation. 

The great and usually the only danger from peripheral thrombosis 
is fatal pulmonary embolism. It occurs oftenest between the second and 
fourth weeks, but may occur earlier or later. The danger may bo con 
sidered to be past at the end of six weeks, if the local symptoms have 
Bubsideil ; although there are exceptional instances of pulmonary embolism 
at a later period. It ia to be noted that pulmonary embolism may 
result from latent and mild forms of venous thrombosis as well as from 
those of the well-marked examples ; it is, however, rare with the 
cachectic thromboses of tuberculosis and cancer. Small pulmonary 
emboli usually cause no lesions or symptoms, yet they may give rise to 
hEemorrhagic infarction, or embolic pneumonia. 

Nervous phenomena are sometimes so prominent as to have led lo 
the recognition of a neuralgic tyjw of phlebitis (Graves, Trousseau, 
Qiienu). There may be even a mild peripheral neuritis associated with 
the venous thrombosis. This is probably caused by the direct action of 
inHammatory irritants spreading from the inflamed veins ; but it has also 
been attributed to thrombosis of small veins in the nerve- trunks, to 
! bathing of the nerves in the (edematous fluid, and to reflex irrita- 
tion. Occasional sequels of femoral thrombosis, for the moat part very 
1 varicose veins, leg ulcers, persistent chronic oedema, elephants 
iaeis, muscular hypertrophy, muscular atrophy, and club-foot. 

There has been much discussion on the possibility of gangrene 
being caused by thrombosis of the femoral or iliac veins. Cases have 
been reportet! in which no other cause of the gangrene was found than 
venous thrombosis ; but with peripheral venous thrombosis this is 
such an exceptional occurrence that it seems clear that, when gangrene 
results, complicating factors — such as arterial disease, pressure upon 
arteries, arterial s[)asm, great feebleness of the circulation or septic 
inflammation — must be associated with venous thrombosis. It is true 
that aurgeona are familiar with gangrene after ligation of the femoral 
vein, but here also the reault is exceptional and attributable to some 
complication. Brauue, upon anatomical grounds, attempted to demon- 
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strate that gangrene is to be expected after closure of the femoral vein 
near Poupart's ligament, but the clinical evidence does not support this 
view. Galliard has reported a case and has collected from the records 
others in which gangrene had followed venous without arterial thrombosis. 
The thromboses of the upper extremities are usually of shorter 
duration and milder type than those of the lower ; unless referable to 
some persistent cause, such as the pressure of a tumour. They are often 
aecompanied by some cervical oedema. 

Thrombosis of the inferior vena cava, — Since the days of Richard Lower 
occlusion of the inferior vena cava has been the subject of much experi- 
mental and clinical study. There are reports of at least 1 40 cases of this 
affection in human beings. The principal records are cited in the mono- 
graphs of Yimont and Thomas, although the bibliography is by no means 
complete. Thrombosis of this vein is rarely autochthonous. Usually it is 
continued from the femoral or pelvic veins through the iliacs, or is due to 
some abdominal disease, as the pressure of a tumour. It may occur with- 
out any symptoms or without symptoms suggestive of the diagnosis. The 
characteristic symptoms are oedema of both lower extremities and of the 
abdominal walls, and the development of a typical collateral circulation. 
When the renal veins are likewise occluded there may be albuminous, 
bloody urine ; but with thrombosis of these veins this symptom is 
oftener lacking than present. The diagnosis rests especially upon the 
appearance of dilated anastomosing veins coursing upwards from the 
groins and flanks over the abdominal walls and lower jmrt of the thorax. 
These tortuous, varicose veins, sometimes as big as the little finger, 
make a very striking and characteristic picture. The superficial veins 
concerned in carrying on the collateral circulation are the inferior and 
superior superficial epigastric, the long thoracic, the superficial circumflex 
iliac, the external pudic, the lumbo- vertebral anastomotic trunk of Braune 
and numerous unnamed anastomotic veins. The direction of the circu- 
lation is of course from below upward. In addition there is a deep 
collateral circulation through various visceral veins with dilatation of the 
azygos veins. Sometimes the circulation is almost wholly through the 
deep collaterals, and there may be little or no dilatation of the visible 
superficial veins. In fact, in not a few cases, by the absence of visible 
dilated collaterals, the diagnosis is rendered diflicult or impossible. 
Schlesinger has observed and collected a number of cases where the 
oedema was in one leg only. This may be due to the previous establish- 
ment of a collateral circulation on one side from a former iliac thrombosis, 
or to unilateral iliac thrombosis with jmrietal thrombosis of the vena 
cava, or to congenital duplication of the vena cava. 

Thrombosis of the renal veins. — This affection is fairly common. It 
may be an extension of a thrombotic process in the vena cava, or on the 
other hand the latter may be secondary to renal thrombosis. Marantic 
thrombosis of the renal veins is not unusual in infants with cerebral 
symptoms, or exhausted by diarrhoea. In adults thrombosis of 
the renal veins is observed not very infrequently in chronic 



Bright'a diseitse, particularly the waxy kklney ; and in malignant 
tumour of the Ifiihiey. The renal veins rank among those predis- 
posed to marantic thromboaia. I once made an autopsy on a case 
of primary genito- urinary tuberculosis in which a caseous musa had 
broken into a renal vein which contaiuod an adherent grayieh-red throm- 
bus extending into the vena cava. Tubercle bacilli were present in 
the caseous mass and the thrombus. There was acute miliary tuber- 
culosis. The lesions and symptoms which one would expect to find 
with thrombosis of the main trunk of the renal vein are oftener absent 
than present. The various collateral veins, communiwiting through the 
capsule and along the ureters with the lumbar, diaphragmatic, adreual, 
spermatic, and other veins, suAiue for adequate return flow. Still a 
number of cases have been observed with more or less h^ematuria and 
albuminuria which have been referred to thrombosis of one or botb 
renal veins, and genuine hasmorrhagic infarction may occur. 

Thromdosis of the meseiitrrk veins. — Thrombosis of veins in the intes- 
tinal wall is often associated with ulcers and other morbid conditions ta 
the intestine. The thrombus may extend into the small mesenteric veins, 
or the latter may be attacked independently. These small thrombi Ara 
important chiefly as a source of infective emboli transported to the liver. 

Thrombosis of the large mesenteric veins is leas frequent than 
embolism or thrombosis of the mesenteric arteries. I have reported an 
instance of this ailbction, and have found reports of 31 additional casM 
with pronounced symptoms, and of a few cases without symptoms 
referable to the thrombus and without intestinal lesion. The references 
will be found at the end of this article. The superior mesenteric vein 
was thrombosed much oftener than the inferior. In many cases vitli 
symptoms, the thrombosis was ascending and secondary to inflammation, 
nlceration or some other disease of the intestine ; in some instances it 
was descending from thrombosis of the portal or splenic vein ; in a few 
it was secondary to enteric fever or some marasmic or cachectic state; in 
one it was attributed to a calcific plate adjjicent to the vein, and in one it 
followed splenectomy. The symptoms are the same as with occlusion of 
the mesenteric arteries (see art. "Embolism," p. 268), but as a rule are 
even more violent in character and rapid in course. They are as follows : 
sudden onset of very intense, colicky, not definitely localised abdominal 
pain ; dist«nded, tender, tympanitic abdomen ; vomiting, wliich may be 
bloody ; obstipation or bloody diarrhcea ; and rapid collapse with cold 
sweat and subnormal temperature. The diagnosis is likely to be acute 
ileus, and laparatomy to be performed. Death generally occurs within 
two or three days. The symptoms may, however, be leas violent, and the 
rapid than those mentioned. At the autopsy are found hemor- 
rhagic infarction and gangrene of the intestine, hiemorrhages in the 
mesentery, bloody fluid in the peritoneal ciivity, and sometimes, although 
not regularly, peritonitis. The cases without symptoms have been 
usually thromboses of slower formation, but this does not appear to 
have been always the case. 
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In a case reported bj Dr. Bolleston, the superior mesenteric vein was 
filled with softened, canalised clot ; and in addition the inferior me$en> 
teric vein, the internal and external iliac veins on both sides, and the 
splenic vein were completely thrombosed, and a partly occluding throm- 
bus extended into the portal rein. The thrombus in the superior 
mesenteric vein was r^arded as the oldest. There was old and recent 
inflammation of the intestine, but no intestinal infarction. 

Of interest is the relation of thrombosis of the mesenteric veins to 
portal thrombosis. In several instances of the latter thrombosis of the 
mesenteric veins occcurred without hemorrhagic infarction of the 
intestine. Doubtless the explanation is that a sufficient collateral 
circulation had been established after the portal thrombosis to prevent 
the usual effects of a subsequent mesenteric thrombosis. That this, 
however, is not always the case is shown by the sudden or more gradual 
termination of some instances of portal thrombosis with hsemorrhagic 
infarction of the intestine, in consequence of the extension of the thrombus 
into mesenteric veins. This has occurred especially in the more acute 
cases of portal thrombosis, but it may occur also in those of several 
months' duration. Acute portal thrombosis may cause hsemorrhagic 
infarction of the intestine without mesenteric thrombosis ; or the infarc- 
tion may be over a larger extent of intestine than corres]x>nds to the 
thrombosed mesenteric veins. On the other hand, the infarcted area 
may be much smaller than that supplied by the thrombosed vein. The 
symptoms may be of slower development and of milder type when 
thrombosis of the mesenteric veins is secondary to portal thrombosis 
than when it is primary. The sequence of events in Fitz*8 case is 
interesting — globular thrombi in the left ventricle, embolism and infarc- 
tion of the spleen, secondary thrombosis of the splenic vein, extension 
of the thrombus into the superior mesenteric vein, haemorrhagic infarc- 
tion of the intestine terminating fatally. There was no obstruction in 
the mesenteric arteries. 

Pyleihrambosis, — The septic variety of thrombosis of the portil vein 
(suppurative pylephlebitis) having been described (vol. i. p. 610, and 
vol. v. p. 127), it remains to speak here of simple portal throm- 
bosis, often called without much propriety adhesive pylephlebitis. 
This is a well -characterised, although usually not roiidily- diagnosed 
affection. It is caused most frequently by compression either 
of the intrahepatic branches of the portal vein in cirrhosis, syphilis, 
or tumours of the liver ; or of the main branches or trunk by fibrous 
perihepatitis, chronic peritonitis, swollen lymph-glands, imjmcted gall- 
stones or tumours. Other causes are diseases of the walls of the 
portal vein, either primary or propagated from some neighbouring 
focus ; extension of a thrombus from the splenic or mesenteric veins ; 
pancreatic disease ; gastric cancer ; ulcer, or other gastric or intestinal 
disease ; infective and toxic diseases ; puerperal eclampsia (Schmorl) ; 
marasmus, and traumatism. Sclerosis and calcification of the wall of the 
portal vein deserve more attention as causes of portal thrombosis than 



they have tisiully received. To the 12 cases collected by Spiegelberg 
and Borrmati in which this was the cause, is to be added A. A. Smith's 
case, in which I mnde the autopsy. There was extensive calcificatiun 
and thrombosis of both splenic and portal veins in a man about 60 years 
old, who died of gastric hemorrhage. He had previously vomited 
blood OQ several occasions. There was rapidly increasing ascites. 
Calcidcation of the media of the portal vein may occur without marked 
affection of the intima. Marantic portal thrombosis is very rare, and, 
according to Schiippel, occurs chiefly as a terminal event without 
characteristic symptoms. Nonne, however, in reporting a caae of 
marantic thrombosis from Erb's clinic, interprets several previously 
reported instances with marked symptoms as belonging to this variety. 
The thrombus may become organisetl and the vein converted into a 
fibrous cord, as in a case reported by Osier. 

The symptoms are those of portal obstruction — ascites, hnmatemesis 
and enterorrhagia, splenic enlargement, dilatation of superficial alxlom- 
inal veins, and progressive marasmus. The caprices of venous thrombosis 
are evident here as elsewhere. Characteristic symptoms may be entirely 
lacking, or one or more of the important symptoms may be absent. 
Ascites has been absent or slight, especially in cases with abundant 
htemorrhagea from the stomach and bowels. In general, however, tin 
rapid onset, the intensity of the evidences of portal obstruction. And 
especially the quick return of ascites after tapping are characteristic 
of obliterating portal thrombosis ; and by observation of these poinia 
a correct diagnosis has repeatedly been made. Those acute symptoms are 
of most diagnostic value when thoy appear in persons previously in 
apparent health, as has been observed with phleboscl erotic thrombOBiB; 
or in the coui-se of some disease not itself a cause of obstruction 
to the portal circidation. When, as in cirrhosis of the liver, the symp- 
toms unfold themselves gradually, the diagnosis is manifestly impos- 
sible, or at best no more than mere conjecture, 

I have added traumatism as a possible cause of portal thrombosis on 
the basis of a diagnosis made by Dr. Delaficld, while I was resident 
physician in his service at Bellevue Hospital. A lad, who had received 
a severe blow on the abdomen, was admitted with extreme ascites 
which had come on within two weeks after the injury. He was 
repeatedly tapped, the clear fluid reaccumulatiug at first witb great 
rapidity after each tapping, afterward more slowly, until in the course 
ths there was complete recovery. In the meantime enlarged veins 
made their appearance over the upper part of the abdomen. 

Jaundice is not a symptom of portal thrombosis, although repeatedly 
observed as a complication. The channels for establishment of a 
collateral circulation are the same as in cirrhosis of the liver, with the 
exclusion of those which communicate with the portal vein itself, at or 
beyond the site of occlusion. 

Under certain exceptionally favourable conditions recovery may take 
placej a satisfactory collateral circulation being established, with perhaps 




opening of chantiela through the organised thromhna. The usually fatal 
tarmination may be from h^eniorrhitge or exhaustion, Gomotimes within 
a few weeks or even days from the onset. I know of no instance, iu 
man, of death within a few hours after ocehision of the portal vein, such as 
occnrs regularly, with great fall of arterial blood-preaanJ*e, after ligating 
this reaael in rabbits and dogs. As already mentioned, hemorrhagic 
intestinal infarction may be amsod by portal thrombosis (p. 219). 

There has been much discussion on the occurrence of changes in 
the liver which can be attributed directly to stoppage of the portal 
circulation. In the majority of cases of portal thrombosis the liver 
has been the seat of atrophic cirrhosis, but most modern authors have 
ri^rded the thrombosis as secondary to the cirrhosis. Dr. Samuel 
West, however, in 1878, took strong ground in favour of the reverse 
being sometimes the case ; and he found support in the experi- 
meulal results of Solowieff. The later experiments of Cohnheim and 
Litt«n have been widely accepted aa indicating that obstruction of the 
portal vein is without effect upon the hepatic structure and functions. 
Bermant has recently gone over the entire experimental and anutiimico- 
clinical evidence, and has reached the conclusion that atop(>age of the 
portal vein may lead to atrophic cirrhosis. The case which he reports 
speiiks strongly in favour of this view ; for only the right branch of the 
portal vein was thrombosed, and the cirrhosis was limited to the eorre- 
Bjwnding lobe of the liver. Nevertheless, cases of portal thrombosis, 
some not of short duration, have been rejwrted by Frerichs, Leyden, 
Alexander, and others without any alteration iu the liver; and I have 
observed two such cases in which the symptoms of portal obstruction 
extended over several months.' 

Tkromliosis of tlte splemevein. — Primary thrombosis of the splenic vein 
and its radicles is rare. I have seen an instance of autochthonous 
thrombosis secondary to calcification of the wall of t\\e splenic vein. 
Thrombosis of veins within the spleen, extending sometimes into the 
main tntnk, is common with infarction, abscess, and certain other morbid 
processes in this organ. Thrombosis of the main trunk may be caused 
by suppurative or hiemorrhagic pancreatitis, or by cancer of the pancreas. 
As has already been mentioned, thrombi may extend from the portal or 
mesenteric veins into the splenic, as well as from the latter into the 
former. There is the possibility of thrombosis secondary to retrograde 
embolism of the splenic vein. 

Koster has reported the rare complication of enteric fever with 
thrombosis of the radicles and main trunk of the splenic vein ; the evi- 
dence being conclusive that the oldest part of the thrombus was in the 
spleen. The evidences of occlusion of the main vein appeared at the 
beginning of convalescence. The spleen was enormously swollen and 
the pulp of a diffuse reddish-black colour. The capsule and surroimd- 

> Cbiari {Cmtralb. /. aVg. Path. u. palh. Anal. 1898, ii. p. 864) liaa teceolly ilencribed 
«iiloph!eliiti\ wHIt thrombfuu, of tlie radlales ol tli« hep&tic vein. There w 
of pitftal olmtrui.'tiDD. 
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ing tisHuea were suffiiBed with blood. As there were thrombi in the 
BniiiU meaenleric veins near the uicerated ileum, there was a possibility 
of retrograde enibolism ; but Koster thioks it more probable that tbfl 
process originated within the spleen. 

Thrombosia limited to the extra-splenic part of the vein may be 
completely or nearly compensated by the collateral venous circulation, 
so that no changes or only a moderate passive congestion occur in ths 

Thrombi occupying intrasplenic veins may cause hemorrhagic infarc- 
tion. Dr. Rolleston has observed two instances of ancemic infarcts of tfae 
spleen in association with thrombosis of the splenic vein. Litten 
probably goes too far in attributing most genuine hiemorrhagic aa 
"stinguished from pale infarcts of the spleen, to venous thrombosis 
ratber than to arterial embolism. 

Extensive necrosis and haemorrhagic infarction may be caused by 
torsion of the pedicle of a movable spleen. A perhaps unique instance 
of this occurrence was observed in the Johns Hopkins Hospital, and has 
been described by Osier. 

Obliirratwn of the superior verui cava. — Since the admirable studies by 
Duchek (1854) and by Oulmont (1856) of the causes and symptoms of 
obliteration of the superior vena cava a considerable numbei' of instances 
of this condition have been reported. By far the most frequent cause 
is the pressure of a mediastinal tumour, of swollen lymph-glands, or 
of an aneurysm. Less common is the growth of a cancer or other malig- 
nant tumour into the lumen of the vein. Banti reports a curious case 
of generalised tuberculosis in which uearly the whole length of the superior 
s completely filled by a neoplastic tuberculous nutss project- 
ing into the right auricle. The outer walls of the vein were intact 
The condition seems to have been analogous to the tuberculous cardine 
thrombi already described (p. 184). Primary thrombosis of the superior 
vena cava ia so rare as to be a pathological curiosity, Poynton has 
reported an instance of thrombotic occlusion of the upper two-thirds of 
the superior vena cava in association with chronic and acute valvular 
endocarditis, and in a second cose of valvular disease he found a mural 
thrombus in this vein. In both eases there was tricuspid insufficiency 
(p. 199). The characteristic symptoms are cedema and cyanosis of the 
upper half of the body^face, neck, arms, and thorax — and dilatation of 
deep and superficial veins, especially marked over the anterior wall of 
the thorax and upper part of the abdomen. In a case exhibited by Dr. 
Osier to the Johns Hopkins Hospital Medical Society, the anterior 8U^ 
face of the chest was covered with large, spongy bunches of enormous 
varicose veins, in one of which a phlebolith could be felt. Other symp- 
toms, which may be present, are tedema of conjunctival and buccal mucoiu 
membranes, exophthalmos, watery secretion from the conjunctivja, no»- 
bleeding, and such signs of venous congestion of the brain as headiulie, 
vertigo, and ringing in the ears, especially on bending over. In the light 
of the whimsicalities of venous thrombosis it is hardly necessary to add 
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that the symptoms may he less marked, and may deviate from what 
might naturally he expected. 

Thrombosis of the innominate^ guMarvw^ and jugular rrins. — The more 
important literature of this suhject is cited in the papers of Pohl, 
Hirschlaff, and Helen Baldwin. The occurrence of these thromlH>se3 
in cardiac disease, and from compression, has already been mentioned 
(p. 199); other rare causes are infection, empyema, acute rheumatism, 
tuberculosis, marasmus, and traumatism. The symptoms are the usual 
ones of venous congestion, oedematous swelling, pain in the regions from 
which the veins convey blood, dilatation of collaterals, and, in the case 
of the cervical veins, recognition of the thrombosed vein by palpation, 
which, however, should be done with great care. 

Thrombosis of the pulmonary reins may be mentioned as a rare source 
of embolism in the aortic svstem. It is usually sceondarv to some 
pulmonary disease, as gangrene, malignant tumours, al>scess, infarction, 
tuberculosis, pneumonia. It has been observed with extensive emphy- 
sema of the lungs (Schmale). 

Hirombosis of the cerebral sinuses will be considered in connection with 
diseases of the brain in the following volume. 

O. Wyss has described a remarkable instance of extensive ha^mor- 
rhagic myelitis caused by widespread hyaline and phitelot thrombi in 
veins within the spinal cord. The thrombosis was secondary to a glioma 
of the dorsal cord. Rosin has likewise observed thrombosis of veins 
extending the whole length of the spinal cord, consecutive to a tumour 
of the cervical cord. 

Multiple thromboses, — Finally may be mentioned the cases in which 
many veins in different parts of the body become thrombosed, as in 
Huels's case of chlorotic thrombosis; and Osier's, of thrombosis secondary 
to cancer of the stomach, already cited (pp. 201 and 198). Erlenmoyor 
has described as "jumping thrombosis" (springende Thrombose), in dis- 
tinction from the ordinary creeping form, c«ises in which the prcxress 
attacks first one vein and then another, in a different region, until finally 
various veins in the extremities, trunk, and brain may become plugged. 

Treatment — The treatment of thrombosis of the extremities is about 
all that needs special consideration in this article. In view of the part 
played by enfeebled circulation and secondary infections in the causa- 
tion of thrombosis, prophylactic measures should be directed toward 
maintaining good nutrition, strengthening the heart's action, and warding 
off secondary infection, so far as may be, or treating accessible foci of 
infection antiseptically. 

In the absence of any available medicinal treatment known to have 
any direct control over the process of thrombosis, the general indications 
for treatment are to secure as speedily as possible an adequate collateral 
circulation, in order to ward off the danger of tissue-necrosis or gangrene 
from arterial thrombosis and the effects of passive congestion from ven- 
ous thrombosis; and, above all, in the case of venous thrombosis, to guard 
against the detachment of emboli. These indications are best met by 



absolute rest, suitable position and immobilisation of the Ihrombowd 
extremity, and noiirishing diet. 

With venous thrombosie of a lower extremity the patient should lie 
on the back with the limb elevated on an inclined plane, or in a trough 
well lined with cotton wool. The limb should be kept warm by wrapping 
in cotton wadding, and hot fomentations of lead-water and lauilanuiD, 
or some similar preparation, may be applied. If the condition of tli« 
heart indicate it, digitalis or other cardiac tonic may be given. At the 
height of the process the pain may be so intense as to require the lue 
of opium or some of its derivatives. 

It is all-important to know what not to do. The patient should lie 
cautioned against moving the leg, especially against any sudden jerk. 
Palpation of the affected veins should be of the gentlest sort, and ia belter 
omitted altogether. All unnecessary movements and manipulationB 
should be avoided. Nothing is gained, and harm may be done by 
resorting, before all danger of embolism is passed, to the old-fashioned 
treatment of rubbing in mercurial or belladonna ointment. The length 
of time that the patient should remain quiet in bed will vary according 
to the severity of the case. Although the thrombotic process does not 
usually progress after the tenth or twelfth day, it is a general rule that 
the patient should not be allowed to walk in less than forty days. A 
large number of the deaths from pulmonary embolism have occurred 
when the patient first walks, or goes to stool, or takes a bath. 

Light bandaging of the lower part of the leg assists the circulation; 
hut, if applied at all, it should be with only minimal compression. After 
the danger of embolism is j^aesed, massage and bandaging may be em- 
ployed to advantage, or a long elastic stocking worn. 

If gangrene result from arterial thrombosis, the time and site of 
operation should be determined upon surgical principles. 

Wm. H. Wkix:h. 
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EMBOLISM 

Dellnltion. — Embolism is the impjiction in some part of the vaacular 
system of any undissolved material brought there by the blood-current 
The tt'ansported material ia an embolus. Embolism may occur likewise 
in lymphatic vessels. 

Historical not©. — Rudolf Virchow ia the creator of the doctrine of 
embolism. There is scarcely another pathological doctrine, of equal 
magnitude, the establishment of which ia so largely the work of a single 
man. Not but that there were foreshado wings of this conception before 
Vircbow, notably by Bonetiia and van Swioten in the seventeenth and 
eighteenth centuries, and by AUibert and Francois in the early part of 
the present century. A few observers and experimenters, indeed, anti- 
cipated some of Virehow's results. The wonder is that until Virchow's 
time the idea of embolism remained so foreign to medical thought; so 
obvious and necessary a corollary does it seem to be of the <liscovery of the 
circulation of the blood. Between the years 1846 and 1856 Virchow 
constructed the whole doctrine of embolism upon the basis of anatomical, 
experimental and clinical investigations, which for completeness, accuracy, 
and just discernment of the truth must always remain a model of scientiEc 
research in medicine. These diaeoveriea introduced new chapters and 
necessitated a recasting of many old ones in pathology. A number <rf 
important morbid conditions, among which pulmonary embolism vui 
cerebral embolism may be especially mentioned, were now for the Erst 
time clearly recognised. Virehow's studies of thrombosis and his demon- 
atralion that not all intravascular, ante-mortem clots are formed at the 
place whei-e they are found, and that infarcts are not the result of inflam- 
mation and capillary phlebitis, put an end to the false and to'us at present 
almost incomprehensible ideas then prevailing as to the overshadowing 
importance of phlebitis in pathological processes. Especially was tbe 
doctrine of metastasis, which in old d.iys was one of the most mystital 
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in medicine, greatly expanded and at the same time placed upon an 
intelligible and firm foundation. 

The new fields opened by Virchow have been industriously culti^-ated 
by a multitude of workers. The additions to our knowledge have been 
many and valuable, but they have related mainly to details, and can 
scarcely be said to hare led to new points of >'iew. The works of Bern- 
hard Cohn and of Cohnheim may be signalised as among the most im- 
portant of the contributions since Virchow s early publications. Cohn's 
remarkable book, published in 1860, is extraordinarily rich in anatomical, 
experimental, and clinical facts, and it is well for any one who believes 
that he has a new obeervation or opinion concerning embolism to consult 
it before venturing on publication; a precaution which has evidently 
been often neglected by writers on the subject 

Varieties of emboli — Substances of the most ^-aried character, solid, 
liquid or gaseous, may enter the circulation and be conveyed as emboli. 
Unless some special epithet be used, an embolus is generally understood 
to be a detached thrombus, or part of it, including under this designation 
endocarditic r^etations. Other possible sorts of emboli are fragments 
of diseased heart-valves, calcific masses, bits of tissue, tumour-cells, paren- 
chymatous cells, animal or vegetable parasites, fat, air, pigment-granules 
and foreign bodies. Ejnboli of air, of fat^ and of parenchymatous cells 
will be considered separately. An important classification, as regards 
their efiects, is into bland or aseptic emboli and toxic or septic emboli. 

Soorees of emboli — Emboli in the lungs come from the systemic 
veins, the right heart or the pulmonary artery ; those in branches of the 
portal vein come from the radicles or trunk of this vein ; those in systemic 
arteries from the pulmonary veins, the left heart, or some artery 
between the heart and the location of the embolus. Sources of aberrant 
emboli, resulting from unusual modes of transportation, will be considered 
•ubeequently (p. 231). 

Various features in the structure and disposition of thrombi bearing 
upon the detachment of emboli have been described in the preceding 
article. Here may be especially recalled the continuation of an occlud- 
ing venous thrombus in the form of a partly obstructing thrombus beyond 
the entrance of an important branch, and the occurrence of softening in 
the interior of older thrombi; phenomena e\'idently favourable to the 
detachment 'of fragments. Globular thrombi in the right heart, parti- 
cularly in the auricular appendix, are a fruitful source of the emlwli 
which cause pulmonary infarction in heart disease. Vegetiitions of the 
aortic and mitral valves, particularly of the latter, furnish the great 
majority of emboli in the aortic system. Thrombosis or embolism of 
an arterial trunk — ^as of the internal carotid, splenic, femoral — is often 
fcdkwed by the conveyance of fragments of the plug into branches of the 
artery. When the plug in the main trunk is an embolus, this secondary 
embolism is described by Cohnheim as "recurrent" — an epithet which 
has also been applied to retrograde embolism, and, therefore, to avoid 
confusion, had better not be used in either sense. 
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The detection of iho source of an emlwlus ia often unaltended by any 
difficulty ; but aometimi's it requires prolonged and painstaking search, 
and occasionally even sucli a BeJirch ia unrewarded. Tbc greatest difficulties 
are encountered when the source is in somo peripheral venous thrombus 
which has caused no symptoms and is unattended by lesions suggestive 
of its locution. An entire thrombus may be dislocated and transported 
OS an embolus. 

Site of deposit. — Emboli are carried along by the blood-current until 
they are caught on some obstruction, or become lodged in a channel loo 
narrow to permit their further passage. It ia evident that embolism can 
scarcely occur excejH in the arterial aystem, pulmonary and systemic, 
and in brunches of the portal vein. The rare instances of embolism of 
systemic veins will be considered under aberrant embolism (p. 231), An 
extremely rare occurrence, of which several instances are recorded, ia the 
blocking of the tricuspid or mitral orifice by an embolus. Tho result is, 
of course, sudden death. Very often an embolus is caught at an arterial 
bifurcation, which it rides with a prolongation extending into each branch 
(riding embolus). This may happen whore the dtanlcter of each brancb 
ia greater than that of the embolus. It ia not uncommon for Hevenl 
emboli to enter successively the same branch of the pulmonary artery. 

Any artery open to the circulating blood may receive an embolus of 
appropriate size. The course followed by an emlxtlus in iu travels is 
determined by purely mechanical factors, of which the most ini]>ortaiit 
are tho size, form, and weight of the plug ; the direction, \-olurae, and 
energy of the carrying blood-stream ; the size of branches and the angles at 
which they are given off; and the position of the body and its members. 
In accord with these principles we find emboli in" the lower lobes of the 
lungs oftener than in the upper ; and in the right lung oftener than in the 
left^ the right pulmonary artery being lai^cr than tho left. Emboli from 
the left heart are more frequently carried into the abdominal aorta and its 
branches than into the carotid or subclavian arteries. The left carotid, 
arising directly from the aortic arch at ita highest point, is in more direct 
line with the aortic blood-stream than is the right carotid, and is there- 
fore a commoner recipient of emboli. The left common iliac artery ia also 
somewhat more directly in the line of the current in the abdominal aorta, 
and, therefore, receives emboli somewhat more frequently than tho right 

The order of frequency in which emfx)li are found in the different 
arteries may be given about as follows :— pulmonary, renal, splenic, cere- 
bral, iliac and the lower extremities, axillary and upper extremities, 
cceliac axis with its hepatic and gastric branches, central artery of the 
retina, superior mesenteric, inferior mesenteric, abdominal aorta, coronary 
of the heart. There is, however, considerable difference of statement on 
this point. As a matter of fact this list, like similar ones, does not inform 
us of the frequency with which the difi'erent arteries of the body rc<^eive 
emboli ; for it is evident that it is based almost entirely upon embolic 
manifestations, and not upon the mere presence of emboli. If estimates 
f frequency be based only on infective emboli, tho order would be in 
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lerend respects different, the hepatic artery, for example, Btanding higher 
in the list, and the cerebral lower — etitiicient evidence that the cuBtomary 
data for determining the frequency of embolism in different nrteneB relate 
ouly to such emboli as leave behind sorae recoi'd of their presence. Infec- 
tive emboli, however, do not inform us of the incidence of embolism in 
different arteriee ; for these produce absc«s3es or other lesions in certain 
ipecial Hittiutious, and not in every place where they may lodge ; a fact 
which is brought out clearly in the experimental injections of bacteria 
into the circulation of animals. It seems to me very probable that, 
of the systemic arteries, those going to the lower extremities must be 
more frequent receptacles of eml.roli than either the splenic or the renal ; 
but the smaller plugs in the former usually leave no readily demonstrable 
record of their presence, whereas in the latter they always do. 

Aberrant embolism. — Certain exceptions to the general rules already 
stated concerning the sources and direction of transportation of emboli 
may be grouped under the heading of aberrant or atypical enibolism, 
the latter epithet being the one employed by Scheven to designate 
paradoxical embolism, and retrograde emliotism. 

Zabngave the name "paradoxical embolism," and his assistant Kos tan 
the name " crossed embolism," to the transportation of emirati derived from 
reins into the systemia arteries without (lassing through the pulmonary 
cirralation. Cohnheim was the first to note the passage of venous emboli 
through an open foramen ovale into the aortic system ; and since then 
there have been enough observations of this so-called paradoxical embolism 
to prove that, although not frequent, it is really of practical importance, 
and not merely a curiosity. Zahn and Rostan found an open foramen 
ovale in about one-lifth of their autopsies, which is a considerably smaller 
percentJtge than most pathologists, who have investigated the subject, 
have found. An opening in the form of an oblique slit is certainly very 
often present in the oval fossa (in 34 per cent of all cases according 
U) Firket), and it has been demonstrated by actual observation that, under 
certain conditions, this form of opening suffices for the transit of emlioli. 
In three cases an embolus was found by Zahn and Eoatan actually engaged 
in the opening, and two or three similar observations have been made by 
others. 

I have found records of twenty-eight cases of paradoxical emixilisra, 
and there is no reason to suppose that this list is complete. The evidence 
upon which the diagnosis is usually based is an open foramen ovale and 
the presence in the systemic arteries of coarse emboli, for which the only 
Aotirce to Iw found is on the venous side or in the right auricle. While 
in some of the cases there may be room for scepticism as to the venous 
origin of the arterial embolism, there can lie none for Schmorl's observa- 
tion, in a case of traumatic laceration of the liver, of pli^ of hepatic 
tissue in the left auricle and the main trunk of the renal artery, with an 
open foramen ovale admitting a finger. Conditions favouring the occur- 
ranee of paradoxical embolism are, according to Zahn, increased pressure 
in the right auricle and lowereil pressure in the left, Under these cir- 
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cumstaiiccs the opening in the oval foramen is widened, and it« w;k1U 
bulge tjwurd tho left auricle. Koatan and Hauaer have seen thromlii 
, extending from the right auricle through the oval foramen into the left. 
The best explanation of certain tiunour metastases without pulmonary 
implication is by paradoxical embolism. Here, however, there is some- 
times another poBsihility ; for, as Zahn has demonstrated, tumour cells 
not of large size may pass through tho pulmonary capillaries. Although 
tho lungs are an excellent filter, their capillaries are certainly so wide 
that they may permit the transit of emboli too large to pass through 
capillaries elsewhere in the body. 

The first conclusive observation of retrograde transport of an embolus 
in a human being was made by Heller, in 1870, who fomid, in a case of 
primary cancer of the cieciun and ileum, a loose plug of cancerous tissue 
in a branch of an hepatic vein. The only metastatic growths were in the 
mesenteric, retroperitoneal, and mediastinal lymphatic glands. Long 
before Heller, however, the conception of retrograde transport of venous 
emimli was familiar to pathologists ; especially in the discussions of the 
explanation of metastatic hepatic abscesses in cases where the lungs are 
nob involved and the atrium of infection does not communicate with the 
portal system. The expeiimental side of the subject was diligently 
cultivated. The general trend of opinion among pathologists, however, 
was opposed to the acceptance of the doctrine of retrograde transport, 
under conditions occurring in human beings, until the publication of von 
Recklinghausen's ai-ticle on the subject in 1885. He reported a con- 
i-incing observation of embolism of the renal veins with masses of sar- 
coma, derived from a primaiy growth of the tibia, and also of retrograde 
embolism from the left aiuicle into tho pulmonary veins. Since this 
publication there have Iieen a mimlier of eijually conclusive demonstra- 
tions of the retrograde transport of venous emboli, and the subject has been 
taken up again on the experimental side. Retrograde venous embollEm 
is an interesting, but, so far as at present known, a rare occurrence. 

The difficulty of making sure that a suspected thrombotic embolus in 
a systemic vein is not an autochthonous thrombus is doubtless the reason 
why most of the reports of retrograde transport relate to emboli of 
tumour-cells or parenchymatous cells. In addition to Heller's and von 
Recklinghausen's cases already mentioned, reference may be moile to 
Arnold's observation of masses from a primary mammary carcinoma 
filling the superior longitudinal sinus, with invasion of the wall of the 
sinus from within by tho new growth, but without any intracranial 
tumour outside of this wall ; or indeed any metastasis elsewhere in the 
body except in the axillary and cervical lymph-glands ; and also to Ernst's 
case of primary angio-sarcoma of the left kidney, growing into the renal 
vein, with a loose plug of sarcomatous tissue distending a branch of a 
coronary vein of the heart without connection with a metastatic growth. 
~ tome's observation of cancer of the thyroid with metastatic nodules in 
I the liver, developing from plugs in the hepatic veins, should probably also 
I Iw included in the list, as well as two cases of Boiiome, reported by Lu^ 
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in one of which a cancerc»ii5 emlolu* sec^ri^Lirr :o car.oor c-f :r.e recnun 
was foun<1 in a branch of the ^urierior Ects-eiitcr!-.- vci:; : And in the other 
a similar retrograde em><»;us. ?ec*:'r>iarr to a*.:cr.-:-iSin:-ir.oma of the liver, 
was met with in the right tumpir.ifcm r'.rx*:?. 

To Schmorls and LnVarsths ca«^ of em**- *.: ■:: liveriT-Til's in the ceiv- 
bral and the renal vein? mav lie a^idc*! two <:r.fena:iv'n5 fnm mv lalora- 
tory, of which one has leen repc«ncii by Fleir.rr. of c/.smps of liver-cells 
in branches of the renal vein in cas^rs w-:b extendi Ae hc-|Xiiic ne^- roses. 

That retrograde transport of opJir.r.rT venous thn:«mH may oi'ciir. is 
demonstrated by Arnold's disec-very in a Urge branch ••f an hej>atic vein 
of a riding embolus identical in apfiearance w::h a thrc-mbiis which occu- 
pied the right ovarian vein and extended s-.-me distance into the inferior 
vena cava. Cohn accepted, for a limited cla>5 of cases, liackward convey- 
ance of venous emboli : and in this sense interprets an uliservation of 
thrombosis of the superior longitudinal sinus, with a plug in the right 
axillarr vein identical in appearance with an undou}»teil enil>olus in the 
pulmonanr arterr. Von Reckhnirhausen has funiisht-il evidence of the 
retrograde transport of infective emlicili into the renal veins. 

From these cases it is seen that retrcigrade emlnilism of particles of 
tumour, of tumour-cells, of parenchvmatcius cells, and of ortlinary bland 
and infective thrombotic fragments has Ijeen ol:»serA-ed. Exjvriments 
have demonstrated that, under certain crinditions, light as well as heavy 
particles may be transported in the veins in a direction contrary' to that 
of the normal blood-current. The veins in which retrograde emlK»lism in 
human beings has been found are the hepatic, the renal, the mesenteric, 
the pampiniform plexus, the coronary of the heart, the cerebral veins and 
sinuses, the axillary and the pulmonary. Experimental retrograde em- 
bolism has been produced in many other veins, including those of the lower 
extremities. While venous valves, when intact, are undoul>te<lly a pro- 
tection against this occurrence, they aie often im])erfectly develo]H*<l or 
insufficient Emboli have l>een repeatedly observeil in the cerebral veins 
and sinuses which should be protected by valves in the jugular veins. 

Retrograde embolism is usually explained by a temjiorary reflux of 
the venous current in consequence of some sudden obst-iele to the return 
flow to the right heart, as may occur with force<l expiration and coughing. 
Whatever increases the pressure in the veins near the heai-t, and iniiKiii*s 
the assistance to the venous stream afforded by the respiratory nuA-o- 
ments and the suction of the right heart, favours this l»ackward move 
ment. Increased intrathoracic pressure, stenosis of the respiratory l^iss- 
ages, spasm of respiratory muscles, distension of the right heart, tricuspid 
ingofficiency, slowing of the heart's beats from vagus-irritation, are among 
the conditions believed to dispose to retrograde trans]>ort. 

Ribbert does not accept the reflux theory of retrograde embolism : 
pwptly for lack of any positive observation of such l»iickwanl flow 
beyond the immediate neighbourhood of the right heart, and partly 
on account of the difficulty in explaining what becomes of all the 
blood which would l)e momentarily pressed l>ack toward the capillaries. 
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His explanation is that in conditions of higb venous stasis, eD)i>i>ii, 
slicking loosely to the venous wall, are not moved forward 1)y the feeble 
current, but are slowly pressed backwarv', step by step, by pulse-waves in 
tbe veins. B'or this view he finds support in experiments which he has 
made. Observations, partly experimental, of Arnold and of Ernat, cannot 
readily be reconciled with Eibbert'a expknation ; so that, notwithstanding 
difficulties needing further elucidation, the reQux theory seems at present 
the more probable for moat cases. 

Of a different nature from the preceding form of retrograde transport 
is the conveyance of emboli by a blood-current rei'ersed from its normal 
direction in consequence of obstruction of veins by compression or other 
causes. This kind of retrograde transport from more or less permanent 
reversal of the normal current is far more frequent in lymphatic vessels 
than in veins, and playa an important part in the metastases of tumours 
by means of tbe lymphatics. 

Anatomical c^racters. — The appearances observed in cmboliswl 
vessels vary with tbe shape, size, consistence, and nature of the embolus, 
and the duration of its impaction. Approximately spherical emboli, as a 
rule, completely close tbe lumen of the artery in which they lodge. 
Cylindrical, elongated, or flat emboli are usually caught as riders at an 
arterial bifurcation ; and often at first leave more or less of the ch&nnelB 
by their side open. Thrombi several inches long may be washed out of 
the femoral or other peripheral vein. Such a transported thrombus may 
be found in the trunk or a primary division of the pulmonary artery, 
folded two, three, or even four times upon itself, and pressed at difl'erent 
points into several of the main arterial branches at the hilum of the lung, 
as in an interesting case described by Fagge. In this way an embolus 
may completely plug a vessel three or four times its diameter, liregu- 
iarly-shaped emboli, if of soft consistence, may bo pressed into an artery 
so as to block the lumen coropletely ; but if of firmer consistence they leave 
at first some space for the blood to flow. Emboli may be of such con- 
sistence as to be shuttered by impact with the arterial wall, the fragments 
blocking many or all of the small branches, and producing the same effect 
as if the plug had been arrested in the main trunk. 

An embolus is the starting-point of a secondary thrombus which 
usually, although not always, completes the closure of tbe vessel, if this 
was not effected by the embolus itself, and extends on each side to the 
nearest branch. The same metamorphoses and process of organisation, 
with consecutive changes in the vascular wall, occur with emboli and 
encapsulating thrombi, as described in the previous article for primary 
thrombi. Non-absorbable emboli or parts of emboli, like foreign bodies, 
are encapsulated by cells and tissue. 

In cases of recent emixilism, the plug can generally bo recognised as 
an embolus without much difficulty ; but, in those of long standing, the 
anatomical diagnosis between embolism and throralwsis may be difficult, 
or even impossible. The criteria for the recognition of a fresh embolus 
e for the most part sufficiently self-evident. Such a plug lies loosely or 
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is bat sli^tlr ad^enKi^ ^? zht ^essibi-wxl. Ii ones pre»ris ai br>ken <c 
fractured sorfiee v^Sei. i^ zzczzrs^z^ ases^ =L^r ':» ttaj-? ro c? on the 
correspoodiiig scrtkce ci li* zkrza'f^ ir-:c -wbxh h w:as wiprudlT 
broken off. Ii mar Se t^KLi c*- fx-i^i. -:r *£i->w the marks d venous 
Talvea, or present nmiDciki^rxis »ikL d: r?:-: cr^rnKpood :o those ot the 
arten' in whifrh i: lies. I: i? c-f :i:<zr« ■:; ihe frs: importance ro tni if 
poasible^ the soiirte d the en'»h2s : az^i. vben this is done, to make a 
careful compamoa between the thrQd'':.c5 az>d the emtoiic moment as to 
resemUances in stractn^e and apc«ararH!e. 

After the embolus has l<c^:-me adherent and snrroonded bv a secondare 
thrombcusy s<Mne of these diferectial criteria mar stili remain for a while ; 
bat, as time passeg, the anaMmicai dia^i>Disis t«comes increasinglY difficult. 
The embolus may perhaps stzU he distinguished frtmi the surroundii^ 
thrombus by marked differences in its age asd general appearance and 
structure, possibly by the presence of bme saltSL An adherent plug 
which rides an arterial bifurcatioa is much more likelr to be an embolus 
than a primary thrombus. In reaching a conclusion, weight must be 
given to the conditkxi of the arterial wall : whether there be any local 
cause for thrombosis, — such as compression, aneurysm, arterio-sclerosis : and 
whether the microecope shows such secondary changes in the arterial wall 
as generaUy correspond to the apparent age and character of the adherent 
plug. The detection of a -source for an embolus will be an important 
consideration. The clinical history may aid in the anatomical diagnosis : 
and all attendant circumstances, especially the existence elsewhere of 
undoubted emboli, shotdd be taken into consideration. In some situa- 
tions, as in branches of the renal or splenic arteries, primary thrombosis 
is so unconmioa that the chances are all in favour of embolism. 

It is evident from what has been said that in the older cases the 
anatomical diagnosis must often be based upon a weighing of probabili- 
ties, and that sometimes a positive conclusion cannot be reached. 

ElTeets. — Bland or aseptic emboli produce chiefly mechanical effects 
referable to the obstruction to the circulation : toxic or septic eniK^li 
cause also other changes which may be described as chemical or infective. 
We shall consider first the mechanical effects. 

The direct injury which may be inflicted , upon the vessel wall by 
sharp calcareous emboli is, according to Ponfick, a rare cause of aneurysm. 
Embolic aneurysms, however, stand in much more definite relation to 
chemical properties of the embolus, as will be shown subsequently {\\ 20 1\ 

Necrosis; Infarction. — The fate of a pirt supplied by an artery 
closed by a bland embolus depends altogether upon whether it is fixi 
within a certain time after the obstniction with enough arterial bUxxi to 
preserve its function and integrity. An embolus which does not oimu- 
pletely plug the vessel may cause no appreciable interference with the 
circulation ; but the closure of the lumen is usually soon effecteii by a 
secondary thrombus. The occlusion by a bland eml>olus of an artery 
with abundant anastomoses, such as those possessed by the arteries 
supplying bone, the voluntary muscles, the skin, the thyroid, the utaniii 
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usually causes no circulatory disturbance of any consequence. Even in 
those situations extensive multiple em))olism, or embolism with extensive 
secondary throml>osis, m;iy cause local anaemia with its consequences. 

SuiUlon death may l>e the result of embolism of the trunk or a main 
division of the pulmonary artery, of one of the coronary arteries of the 
heart, or of the buU>ar arteries. 

If an adequate collatend circulation be not established within the 
pro|H*r time the inevitable fate of a part, supplied by an embolised artery, 
is ilogiMienition or death. Local death is the regular result of embolism 
of bninchos of the splenic artery, the renal artery, the basal arteries of 
the bniin, the oenti-al artery of the retina, and the main trunk of the 
8UiM>rior mesenteric artery. It is the usual result of embolism of one 
of the a>ronary arteries of the heart, if the patient 8ur\'ive long enough ; 
and it is the inconstiint result.^ depending generally upon accessory 
cirmuustanoes, of eniUUism of the medium-sized and smaller branches of 
the pulmottary arteries* of cerebral arteries other than the basal, of 
the aUiominal aorta, iliacs* main arteries of the extremities, and some 
other arteries^ A collatenU circulation may be established sufficiently 
to pri's^Tve the life of a part, but not to maintain its full nutrition ; 
under theso circumstances it undergoes fatty d^neration or simple 

atr\^phy. 

When the dea^l p«irt is so surrounded with liring tissue that it can 
Ih» (teruuviteit with Ivmph. as is usually the case in the viscera, the mode 
of iUv4th is that desoribeii by Weigert. and named by Cobnheim "coagu- 
lative u^vrvvsiis." Hen? the dead protoplasm, and to some extent inter- 
ct^Uular suWtance*. umier^> chemical changes, believed to be in part 
.HxiKmUtivo : ami actxial tthrillated fibrin may app«r. K there be enough 
txx^iuUWo material prx^nt. the mvn^dc part Kecomw bard, diy, opaque, 
and somewhat swx.lUn F.^r a time it* general architee^ both gross 

10 granulations 




shutting off of the 

i>.uv Avrx*j»nd* to that of the arterial 
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ing. In some sitoanoos. ^ tfce ltyi:>rT *i>i ib* rtetinx. the infarct is 
nearly always pale : in c-thersw as :^ l-mss and the intestine, it is as con- 
stantly hemorrhagic : aod in ye; cc*:*rs^ as ihe spleen and the heart, it 
may be either white or red- 

' Where there is not a si£de^i otiantiTy <A coagolable substance the 
area of coogalatrre necrosis dc^es zK'Z l*o:«me hard : and it may be of 
much softer consistence than n»>rni^i. as is the case with the ischaemic 
necroses of the brain and spinsJ c»>rd. Xccr-jsis of peripheral parts, as 
the toesy foot, leg. hand, is not oi :be coaguiadye rariety ; for the dead 
part is not sorroonded by liriri^ lissae to furnish the lymph which 
brings one of the factors essential for coagulation. This peripheral 
necrosis is called gangrene or mortificadon. and may be either dry or 
moist. 

CoUaieral draUaiio* ; T'vvji' a^'Troio. — As the state of the collateral 
circulation is the decisive factor in bland embolism, it becomes important 
to learn the conditions under which establishment or failm-e of this 
circidation occurs. This subject is one eminently open to experimental 
study ; but more attention has been given to the anatomical than to the 
physiological side. In fact many writers seem to assume that the 
physiological factors can be so readily deduced from the laws of hydro- 
dynamics that it is only necessary to investigate the size, arrangement, 
and distribution of the vascular tubes. Nevertheless experience has 
shown abundantly the danger of accepting an\nhing in the physics of 
the circulation which has not been put to an experimental test on the 
living body. The experimental study of the physiological conditions 
which determine the development of a collateral circidation has demon- 
strated that this problem is by no means so simple as has been often 
represented ; while some old errors have been corrected and new facts 
have been added, we are still far from an entirelv satisfactory solution or 
any definite agreement of opinion. It is impossible here to do more 
than touch upon certain points bearing directly upon the subject in hand. 

If an artery with slender anastomoses to its area of distribution, 
such as the femoral or the lingual in a frog's tongue, be tied, the im- 
mediate effect is stoppage of the circulation and ansemia of the j^Jirt 
supplied by the occluded vessel, accompanied by contraction of the 
artery below the obstruction. Almost immediately, or within a short 
time, the blood begins to flow with greatly increased velocity through 
arteries arising above the point of ligation, but more rapidly only 
through those which send blood by anastomosing channels to the anivmic 
part. At the same time these arteries with quickened flow dilate. 
Formerly this vascular dilatation and increased flow were attributed to 
rise of blood-pressure above the ligature, but experiments have shown 
that in most situations this is a factor of relatively little moment. The 
rise of pressure cannot of course remain localised, and after ligation of 
the femoral artery amounts at most to only a few millimetres of mer- 
cury. Evidence of the relatively slight importance of this increased 
pressure is that the ligated artery actually contracts from the [wint of 
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lig»tion to the first branch arising above the ligature (Thoma, Oolden- 
blum) ; and that the phenomena of dilatation and increased velocity 
occur only in arteries which send blood to the anemic area, although 
others which carry blood elsewhere may arise nearer to the point of 
obstruction (Nothnagel). Moreover, it is hardly conceivable that 
increased pressure above the ligature can persist for the days and 
weeks which may be necessary for the full development of the colla- 
teral circulation. 

As the increased (low cannot bo due to any change in the viscosity 
of the blood, it must be due to increase of the pressure gradient. 
Therefore, if it is not the result in any marked degree of rise of 
pre^ure above the obstruction, it must be caused by lowered resistance 
to the stream in the anaatoraoaing vessels. A moment's reflection will 
show that this is a far more putposeful and better mode of coupensa- 
tion than one brought about exclusively by a rise of pressure which 
must act upon arteries in no way concerned in the collateral circulation. 
The difficulty is an entirely satisfactory and complete explunatioo of 
the lowered resistance. It seems impossible that it can be dae lo any- 
thing but a widening of the bed of the stream. Von lieckltnghausen 
has pointed out that the atream-bed for the anastomosing arteries ia 
enlarged, inasmuch as after occlusion of the main artery the blood can 
fljw from these collaterals not only in its original bed, but also, with 
diminished resistance, into the stream -bed belonging to the closed 
artery. The pressure gradient is thus increased, and consequently 
the velocity of the current is quickened in the anastomosing arteries. 
The cause of the dilatation of these arteries is not so clear. Thoma 
states as his first h is to ■ mechanical principle that increased velocity 
of the blood-current leads to widening of the lumen, and eventually, if 
the increase continues, to growth of the vessel wall in superficies. Ad- 
mitting this to be true, it can hardly be considered an explanation. As 
the collateral circulation develops perfectly, and with the same pheno- 
mena, after severance of all connection of the part with the central 
nervous system, it is evident that vaso-motor influences which are under 
central control are not essential to the process. 

Satisfactory as von Recklinghausen's explanation is, as far as it 
goes, there is evidence that it does not cover all of the facts, and that 
there is also some mechanism by which the vessels of an iacheemic part 
are opened wide for the reception of the needed arterial blood. The 
existence of such a mechanism has been recognised by Lister, Cohn- 
heim. Bier, and others. I must refer especially to the recent papers of 
Bier for a full presentation of the evidence on this point, and shall 
merely mention, as a familiar illustration, the extreme arterial hypersemia 
which follows the removal of an Esmarch bandage. This flushing of 
a previously ischsemic part with arterial blood has been usually attri- 
buted to paralysis of vaso-con stricter or stimulation of vaao-dilator 
nerves, but Bier has shown that it occurs under conditions where thia 
ex])lanaiion can be probably excluded. 
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WTithout following Bier in his somewhat vitalistic conceptions, or 
speculating r^iirding the explanariqp of the phenomenon, we must, I 
think, admit that deprivation of arterial blood sets up some condition « 
of a part wherebv the Tessels which feed it are in some way dilated to 
receive any fresh arterial blood which can reach them. The existence 
of such an admirably adaptive, self-n^ulatory capacity must be an im- 
portant element in the development of a collateral circulation, and it 
may be remarked that it it a physiological rather than an anatomical 
factor. Bier believes that this capacity is very unequally developed in 
different parts of the body ; being highest in external parts, and feeble 
or absent in most of the viscera. He b also of the opinion that the 
arterioles and capillaries of external parts have the power, by indepen- 
dent contractions, of driving blood into the veins ; and that, by con- 
traction of the smaU veins, the capillaries of these parts are in large 
measure protected from the reception of venous blood. 

A possible, but I think not fully demonstrated, variation in the 
power to lower the resistance to the collateral stream of arterial blood is 
Dot^ howei'er, the only physiological property which influences the vary> 
ing effects following obstruction to the arterial sup[^y of different parts 
of the body. In some situations there are physiological arrangements 
which seem calculated to increase the difficulty of estaUishing an 
adequate collateral circulation. Mall has shown that contraction of the 
intestine exerts a marked influence upon the drctdation through this 
organ. In the light of his results, it kb interesting to note that, imme- 
diately after closure of the* main tnink of the superior mesenteric artery 
of a dog, the intestine is thrown into violent tonic contractions and 
remains in an ansemic, contracted condition for two or three hours ; after 
which the spasm relaxes and the bloodless condition at once gives place 
to venous hyperemia and h«morriiagic infarction, which appears in the 
third to sixth hour after the occlusion of the artery <Mall and Welch). 
This intestinal ocmtraction, which under these circumstances is equivalent 
to arterial qnsm, is probably one, although not the sole, reason why, 
in spite of free anastomoses, occlusion of the arteries supplying the 
intestine is followed by necrosis and hsemorrhage. That the explanation 
is not to be found sim^dy in the great length of intestine supplied by a 
single artery, is evident from the fact that, if the extra-intestinal arteries 
supplying a loop much more than 5 centimetres in length be suddenly 
closed, the loop becomes hsemoniiagic and necrotic (Mall and Welch, 
Bier). That the conditions are essentially identical in man is proven by 
Uie experience of surgeons, who have repeatedly obsen^ed the same 
results after separation of the mesentery close to the intestine over alK>ut 
the same lengtL The blood can enter at each end of the short loop 
arteries, whose branches anastomose freely within the walls of the loop 
with those of the closed arteries ; there being a particularly rich arterial 
plexus in the submucous coat (Heller). But these anastomoses are 
insufficient to preserve the part ; although, with reference to the extent 
of territory to be supplied, they are large in comparison with soma of 
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the trivial anastomosea which in external parta can respond effectively to 
the call for a collateral circulation to fur larger areas. It must be left to 
• future investigations to determine how far the inability of the inteatinttl 
vesaola to compensate circulatory obstructions of a degree readily com- 
pensated in many other aitiutions may be due, as claimed by Bier, to an 
inherent incapacity to lessen the resistance to the collateral stream, or to 
contraction of the muscidar coats of the intestine, or to other caiUM. 
As Panski and Thoma have shown that slowing and interruption of the 
circulation in the spleen is foUoived, for several houi-a, by contraction of 
the muscular trabecule, ib is probable that the development of a colluternl 
circulation in this organ meeta an obstacle similar to that in the intestine. 

The various organs and tissues differ so widely as regards their 
susceptibility to the injurious effects of lack of arterial blood that loca! 
ansemias of equal intensity and duration may in one part of the body 
produce no apjireciable effect, and in another cause the immediate 
abolition of function and the inevitable death of the part. In general, 
the more highly differentiated, specific cells of an organ are those which 
suffer first and most intensely. At one eml of the scale are the 
ganglion cells of the brain, which, after the withdrawal of arterial blood 
for half an hour, and probably for a much shorter time, cannot be re- 
stored tJi life ; and at the other end may be placed the periosteum, the 
cells of which may be still capable of producing bone two or three days 
after all circulation has ceased. So susceptible to local anaemia are 
the ganglion cells of the central nervous system, that not only is 
embolism of the branches of the cerebral arteries with only capillary 
communications, even of the minute terminal twigs in the cortex, 
always followed by necrotic softening, but also embolism of the 
anastomosing arteries in the pia very often causes softening of at least 
a part of the area supplied by the plugged artery. In the well-known 
Stenson experiment, temporary closure of the rabbit's abdominal aorta, 
just below the origin of the renal arteries, for an hour, results in the 
inevitable death of the ganglion cells in the central gray matter of the 
lumbar cord ; and this notwithstanding the free anastomoses of the 
anterior and posterior spinal arteries. Many of the lesions which pass 
under the names of myelitis and hemorrhagic encephalitis present the 
histological characters of ischiemic necrosis, although often do arterial 
occlusion can be found. 

Perhaps, next to elements of the nervous system, the epithelial cells 
of the cortical tubules of the kidney are most susceptible to ischemia. 
Litten has demonstrated that the temporary ligation of the renal artery 
of the rabbit for one and a half to two hours is followed invariably by 
necrosis of many of those epithelial cells. The cells in the walls of the 
blood-vessels and of connective tissue are relatively insusceptible to 
temporary slowing or cessation of the circulation. 

It is evident from the preceding statements that the nature of the 
organ or tissue has a very important influence in determining vhetfaer 
local necrosis follows arterial embolism. ^^^^^B 
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I have dwelt in some detail although within the limited space 
necessarily inadequately, upon certain physiological characters of the 
circulation and of different organs and tissues, which appear to me 
deserving of more consideration than is usually given to them in 
discussions of the causes of embolic necroses and infarctions. It is, of 
coarse, not to be inferred that the number and size of the anastomoses 
are not of prime importance in determining the mechanical effects of 
arterial embolism, but, important as they are, they are not the exclusive 
determinants of the result. There is no single anatomical formula 
applicable to the circulatory conditions under which all embolic infarcts 
occur. The nearest approach to such a formula is that embodied in 
Cohnheim's doctrine of terminal arteries, a name which he gave to 
arteries whose branches do not communicate with each other or with 
those of other arteries, although capillaries are of course everywhere in 
communication with each other. Terminal vessels in this sense are the 
renal, the splenic, the pulmonary, the central artery of the retina, the 
basal arteries of the brain, and in general all branches of cerebral and 
spinal arteries after they have penetrated the brain or the spinal cord, 
the intramuscular branches of the coronary arteries of the heart, and 
the portal vein.^ Cohnheim's teaching was that infarction occurs 
always after embolism of a terminal vessel, except of the pulmonary 
artery, whose capillaries, under ordinary conditions, are numerous and 
wide enough, after obliteration of an arterial branch, to maintain a 
sufficient circulation ; and of the portal vein whose capillaries com- 
municate freely with those of the hepatic artery. Thoma and 
Ooldenblum have shown that, contrary to Cohnheim's results, no 
infarction follows embolism or ligature of the frog's lingual artery, 
which is or can readily be made a terminal artery, provided the tongue 
be replaced in the mouth after the operation so as to avoid stretching 
and drying from exposure to the air. It is, therefore, quite possible in 
some situations for an adequate circulation to be carried on through 
merely capillary communications, although the conditions are of course 
less favourable than when there are arterial anastomoses. On the other 
hand, as we have seen, embolism of anastomosing arteries, such as the 
mesenteric and the cerebral, may be followed by necrosis or infarction ; 
and it cannot be said that the anastomoses in all of these cases are so 
^important that the arteries are virtually terminal. 

We may conclude then that, under ordinary conditions, embolism of 
&Q artery having abundant and large anastomoses has no important 

* There is nome confanon as to the sense in which the words " terminal arteries " should 
^ oaed, and it most be admitted that later investigations have detracted from the precision 
giTen to this term by Ck>hnheim. Thus some do not recognise the pulmonary artery as 
^^nnina], because the lung is supplieil likewise by the bronchial and several other arteries 
'hone capillaries communicate with those of the pulmonary artery. But unless we make 
^ extent of a second arterial supply the decisive point in the definition, we should havei 
^^ the same reason, to exclude the renal and the splenic arteries from the class of " tetminal 
''teries." Then the conception of arteries which are '* functionally " but not anAtomiotlly 
^^nniiia], creates still further confusion. 
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mechanieul effect ; that embolism of an artery with few and minut« 
aQastomoaes, especially emboliBm of an artery with only cajtillaiy com- 
municattuiiE, is in many situations followed by necrosis, this result 
being favoured by certaia physiological conditions which hiive beeu 
considered; and that embolism of arteries with fairly well-developd 
anastomoses may in certain situations also cause necrosis. Among the 
factors influencing the result, other than those relating to the number 
and size of the anastomoses, are the varying susceptibility of cells to 
ischcemia, interference with tho circulation by contraction of muscular 
constituents of a part, and perhaps some inherent weakness in the 
physiological part of the mechanism by which a vigorous collateral 
circulation is established. 

The compensation of sudden occlusion of an artery, by means of 
the collateral circulation, generally presupposes vessels with fairly normal 
walls and a certain vigour of the circulation. When the arteries have 
lost their elasticity, or tbc general circulation is feeble, or there is some 
pre-existing obstacle to the circulatiou such as chronic passive conges- 
tion, the development of an adequate collateral circulation is rendered 
correspondingly dit^cult, and may be impossible. Hence emboliaro of 
arteries of the extremities is often followed by gangrene in tbe agod, 
in arterio- sclerosis, in heart disease, and in infective, aufomic, and 
exhausting diseases. There are some observations which suggest that 
arterial spasm m»y co-operate with embolism in causing local ansmia. 

The agencies by which a sufBcient collateral circulation is eitab- 
lished may be thrown out of order to such a degree that embolism of 
arteries having even the moat ample anastomoses may be followed by 
necrosis. Foci of cerebral softening have been observed after occlusioQ 
of the internal carotid or of one of the vertebral arteries ; although the 
• circle of Willis, the largest and most perfect anaatomosis in the body, 
was open, and no vasctdar obstruction could be found beyond it. Here, 
doubtless, an important factor in this exceptional occurrence is Man 
rapidity with which nerve cells die when insufficiently fed with arterial 
blood. Cobn narrates the interesting case of a young woman rendered 
extremely annmic by repeated hsamorrhages from cancer of the tongue. 
In order to control the bleeding the right carotid waa tied. The 
patient immediately, to all appearances, lost consciousness ; acquired 
ptosis of the right, then of the left eye, drawing of the angle of ths 
mouth to the right, and relaxation and almost complete paralysis of the 
left extremities. The pulse almost disappeared and the face became 
very anajmic. Respiration was unaffected. The ligature was at once 
removed, and at the same moment the patient awoke " as from a 
dream," and the symptoms just mentioned quickly disappeared. She 
said that she had not completely lost consciousness but was unable to 
speak, and that her will had lost control over the organs. She had lost 
so much blood that she died three hours later without again losing con- 
sciousness before death. At the autopsy the carotids and all of the 
cerebral vessels were found open, and there was no change in the brain 
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extravasarioc of bl>.«i i- L.*^:L.r:''.v^. :i:-r::* Li* :-pc:: tie sul'-ev*: of 
much specalatioQ an-i errtir-zir:::^ KOrir. I: -^ :-'.y i- ct^njkir. <:::;.i- 
tions that infarctc are £je=.: rri^^; lirCfUii:-'::: : ii.i. a* ilrr^idy nier.tior.eti, 
these are no less necr-j::*.- tiii: xrt tic "iriitc iniArcis. Thene»:rv^i5 ax'.d 
the hemorrhage are c»>ori:r_i:c ez-e?;:* ■:: :r.e di*:ur:^-.i>? of the circula- 
tion, neither being cau^eii ":-7 :i-= o:itr. VirciivT. in hi* catIv writings, 
loggested as possibilities, with-iut def nitclv i-i.-i-ting ^ny of them, mcist 
of the explanations which hivr «ir-:c Zkkz^ a-ivance^i to accoxint for the 
apparently paradoxical phenoznenon that the c^:cl'4l^i•:•n of ^n artery may 
be followed by hyperx-mia ar.-i harmorrhAge in the area of it* distribu- 
tion. Cohnheim. on the t<a£i« of exyi^riixienta; investigations published 
in 1872, came to the conclusion that the hypcrsemia which ni.iv follow 
arterial embolism is the result of regtirgitant fiow fni'm the veins* that 
the hemorrhage occurs by diap^esis. and that this dia]^esis is the 
result of some molecular change in the vafCuLir walls depriveii of their 
normal supply of nutriment. Although Cohn. in ISt^O. ha^l shown con- 
clusively, by numerous experimenu on >'arious org.ins,th;it the hy|x^r«mia 
and hsemorrhage are not the result of regurgitant dow from the voin^ 
Cohnheim's views were widely accept e« J until Linen, in IS SO. in 
apparent ignorance of Cohns work, repeated the ex|>?riments of the 
latter upon this point with the s^tme results. The experiments of Pr. 
Mall and myself upon hemorrhagic infarction of the intestine in 1SS7 
convinced us that the blofjd which causes the infarct is not regiirgitatoil 
from the veins. Cohnheim's results u|x>n the frog as to the source of the 
blood in infarcts have not l»eeii conlirme«J by subsequent exjH.Timentors 
(Zielonko, Kossuchin, Kiittner. Goldenblum, ThomaV 

In situations where closure of an artery- is followed bv ha^morrhacic 
infarction, tying the veins also, so as to shut otl' all op}H>rt unity for 
reflux of venous blood, increases the hypersemia and the haemorrhage ; 
and it may render an infarct hemorrhagic which would otherwise bo 
ansemic On the other hand, if all vascular communication of a part 
be cut off except that with the veins, the ]>art undergoes simple necrosis 
without hemorrhagic infarction ; and the result is the s;)me ovon if the 
artery be cut open, so as to afibrd ap]>iirently the most favourable 
opportunity for backward flow from the veins. Or, exprossoil ditlVronily, 
if after closure of an artery all possibility of access of bKH»d to the 
obstructed area through anastomosing arteries and capillaries bo pre- 
vented, the veins remaining 0|>en, the pivrt dies without hauuorrhagic 
infarction. Cohnheim was in error in supposing that ha^uorrhagic in- 
farction cannot occur where the veins are provided with valves, for it 
has been shown by Bryant, Koppe, and Mall that the small intestinal 
veins of the dog have effective valves ; yet nowhere can hemorrhagic 



iiifarciioii be more readily produced experimentally by arterial obstruc- 
tion than in the intestine of this animal. It is, then, quite certain that 
the blood which accumuliites in the capillaries and small veins, and is 
extraviisated in hieiiiorrhagic infarction, comes in through the capillary, 
and, if they exist, the arterial anastomoses, and is not regurgitated from 
the veins. 

It cannot be doubted that the red corpuscles escape by diapedesis, 
not by rbexis : but our experiments are in entire accord with those of 
Litten in failing to furnish any support to the prevalent doctrine thaC 
the haemorrhage is the result of changes in the walls of the vessels 
caused by insuHicient supply of arterial blood ; in fact they seem lo as 
more conclusive upon this point. If a loop of intestine be completely 
shut off from the circulation for three or four hours (by which time, 
after ligation of the superior mesenteric artery, hsemorrhagic infarction 
begins to appear), and the obstruction be then removed, the blood at 
once shoots in from the arteries with great rapidity, and disteuds the 
vessels. '^ If, as usually happens, the blood has not coagulated in the 
vessels, no hiemorrbagic infarction subsequently appears. If, imme- 
diately after the circulatioji has been fully re-established in the loop, 
the superior mesenteric artery be ligated, the intestine from the lower 
part of the duodenum into the colon becomes the seal of hemorrhagic 
infarction in the usual time ; but the infarction does not appear earlier 
EoHtis not more intense in the part which had been previously deprived 
^^^B circulation for three or four hours than in the rest of the small 
HPP&tine. It is true, as Cohnheim h'as shown, that re-establJshment of 
VrOCal cii'culation, after its stoppage for many hours or days, may be 
followed by hemorrhages in the previously ischiemic area ; but hfemor- 
rhagic infarction after arterial occlusion begins long before it is possible 
to demonstrate this change in the vascular wall caused by lack of blood- 
supply. 

In a part undergoing hiemorrhagic infarction the circulation is 
greatly retarded in consequence of the small difference between the 
arterial and the venous pressures. This result may be brought about 
by rise of the venous or lowering of the arterial pressure. If the veins 
are obstructed sut&ciently to render the outflow nil, or very small, and 
the arteries are open, the infarction is intense, and occurs with high 
intracapillary pressure. In consequence of the free anastomoses of 
veins this mode of production of an infarct is rare, but it may occur 
after thrombosis of the mesenteric, the splenic, and the central retinal 
veins. Its explanation offers no especial difficulties. If the veins ara 
open the arterial pressure must be reduced in order to furnish the con- 
ditions necessary for the production of htemorrhagic infarction. This 
latter case is the one present in arterial embolism with h»morrhagic infarc- 
tion, and is the one especially needing explanation. The intracapillarj 
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pressure in this case may vary, but will generally be low. The arterial 
pressure ia so low that the lateral puUe-waves nearly or entirely dis- 
appear, so that the force which drives the blood into the capillaries is 
no longer the normal intermittent one, which experiment has shown to 
be essential for the long-continued circulation of the blood through the 
capillaries and veins, This reduction, or absen<!e of lateral pulsation, 
to which, so far as I know, other experimenters have not called atten- 
tion, I believe to be the factor of first importance in the causation of 
luemorrhagic infarction following arterial embolism. 

We are not sufficiently informed concerning the physical and vital 
properties of the blood and of the blood-veeaels to be able to predict 
positively what would happen under Buch abnormal circulatory con- 
ditions as those named, and actual observation only can furnish a 
■otntion. The difficulties in making such observations under the 
requisite conditions are considerable. Dr. Mall and I, in examining 
nieroecopically, in a specially constructed apparatus, the mesenteric circu- 
lation of the dog after ligation of the superior mesenteric artery, observed 
that immediately after the occlusion the circulation ceases in the 
arteries, capillaries, and veins. In a short time the circulation returns, 
but with altered characters. The arteries are contracted, but may subse- 
quently dilate somewhat; and the blood from the collaterals flows 
tbroagh them with diminished rapidity, and without distinct lateral 
The direction of the current is reversed in some of the 
The movement of the blood in the capillaries and veins is 
JBfa and irregular. The direction of the current in some of the 
may be temporarily reversed, but we were unable to trace a regur- 
gitant venous flow into the capillaries. The distinction bolweon axial 
and plasmatic current is obliterated. Gradually the smaller and then 
the larger veins become more and more distended with red corpuscles, 
and all of the phenomena of an iutenee venous hyperipmiu appear, so 
ibat one instinctively searches for some obstruction to the venous out- 
flow. The red corpuscles in the veins tend to accumulate in clumps, 
and may be moved forward, or forward and backward, in clumps or solitj 
columns. Stasis appears in the veins. This is at first obser%'ed only 
here and there and ia readily broken up by an n<lvancing colunm of 
blood ; but it gradually involves more and more of (be veins, and in 
tome becomes permanent, producing an evident obalacle to the forward 
movement of the blood. The same [ibenomena of distension with red 
corpuscles, clumping, to-and-fro movement, and stasis appear gradually 
in tbe cnpillaries. An interesting appearance, sometimes observed in 
oipilbuies and veins, is that of interrupted columns of compacted red 
corpuscle* with intervening clear spaces which are sometimes clamps of 
white corpuscles, sometimes of platelets, sometimes only clear plasma. 
Witli the partial blocking of the veina and capillaries, red corpuscles 
begin to pass through the walls of these vessels by diapedesis ; and after 
> time the hsrmorrhage becomes so great that it is difBadt to ohservtt 
the condition within the vesseb. The venous outflow is diminished 



immodiatoly or shortly after the closure of the superior roesenterio 
artery ; it then rises, but later it continuously falls to a mininjum. 

An experiment which we made shows that the blood for h:emorrhagic 
infarction need not necessarily enter from the collaiterala, and it sheds 
some light upon the condition of the circulation during the production 
of the infarct. We ligated all of the vascular communications of the 
intestine, with the exception of the main artery and vein, and then tied 
the intestine above aud below, so that the included intestine was 
supplied only by the main artery and the blood returned by the main 
vein. Under these circum stances no infarction results. We then by a 
special device gradually constricted the main artery. In re])eal«d 
experiments we found that not until the artery is sufficiently com- 
pressed to stop the lateral puisations in its branches — the pressure in 
these being then about one-fifth of the normals-does hsemorrhagic in- 
farction appear. Precautions were taken to make sure that the flow 
through the constricted main artery aud its branches continued, and 
that the vein remained open. We have often measured the blood- 
presaiiie in branches of the superior mesenteric artery after ligatioD of 
this artery and during the pi-ogress of an infarction, and have found il 
to be generally one-fourth to one-fifth of the normal pressure. If the 
pressure on the arterial side falls below a certain minimum no 
hsemorrhage occurs in the infarction. 

It is evident from the preceding description that the phenomena 
observed under these peculiar circulatory conditions are in large part 
dependent upon the physical properties of the blood, especially upon its 
viscosity and the presence of suspended particles which readily stick 
together ; and iliffer in important respects from those which would occur 
under similar conditions with a thin, homogeneous fluid. The pressure 
gradient from arteries to veins of the ischsemic area ia ao tow that the 
red corpuscles cannot fully overcome the resistance in the veins and 
capillaries. They accumulate in these situations, and probably undergo 
some physical change by which they become adherent to each other and to 
the vascular wall. The absence of the normal pulse-waves prevents ibe 
breaking up of these masses of corpuscles, the longitudinal pulse-waves 
sometimes observed having little or no effect in disintegrating the 
masses. In this way numeroiis small veins and capillaries become 
blocked, with a resulting rise of intracapillary pressure and diminution 
of outflow of hlood through the veins. Von Frey has shown by in- 
teresting experiments that an intermittent pulsating force is necessary 
to prevent the speedy blocking of veins and capillaries with rod cor- 
puscles in carrying on artificial circulation with detibrinated blood 
through living organs. Kronecker has also demonstrated the influence 
of a pulsating force in increasing the venous outflow. 

The di.i|>edcsis is due to the slowing and stagnation of the blood, 
and to the blood-pressure. Without a certiin height of pressure there 
is no diapedesis; and, with a given retardation and stasis of the blood- 
current, the higher the intracapillary and intravenous pressure the 
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greater the amount of diapedesis. The matter which needs explanation 
is that the diapedesis may occur with lower than the normal pressure, 
and through vessel walls apparently unaltered. This I attribute to the 
fact that the red corpuscles, in consequence of the slow circulation, have 
opportunity to become engaged in the narrow paths followed by the 
lymph as it passes out between the endothelial cells. Diapedesis is a 
slow process, and the channels for it are much smaller than the thick- 
ness of a red corpuscle. Unless the red corpuscles can get started on 
the path between the endothelial cells, they cannot traverse it : and unless 
the circulation is very much slowed, and the outer plasmatic current 
obliterated, there is no opportunity for the corpuscles to become engaged 
between the endothelial cells, provided, that is, the vascular wall be normal. 
With greatly retarded circulation there is opportunity, and when the 
way in front is blocked by compact masses of red corpuscles, and some- 
times by actual thrombi, the only path open to the corpuscles is that fol- 
lowed by the lymph between the endothelial cells. This then becomes 
the direction of least resbtance for their movement. 

The reason why infarctions are haemorrhagic in some situations and 
not in others offers- difficulties chiefly in consequence of our ignorance 
of the exact circulatory conditions which lead to the production of infarc- 
tion in different parts of the body. It is generally assumed that these 
circulatory conditions are everywhere essentially the same ; but this is 
by no means proven. As we have already seen, the physiological 
conditions which influence the result are various. It may be, therefore, 
that the requisite intracapillary and intravenous pressure, or some other 
condition of the circulation essential for the production of haemorrhagic 
infarction, is lacking when the infarction is anaemic. In general a high 
venous pressure favours haemorrhage in an infarction, and a low arterial 
pressure opposes iL The pressure in the superior mesenteric and portal 
veins is higher than in any other veins of the body. Haemorrhagic in- 
farction of the lung occurs especially with high degrees of chronic pas- 
sive congestion in which the venous pressure is elevated. Thrombosis 
of veins seems to be the cause of at least some of the haemorrhagic in- 
farcts of the spleen. Haemorrhagic infarction of the kidney may be 
produced experimentally by ligating the renal veins. 

The studies of recent years upon the formation of lymph have 
demonstrated that the blood-vessels in difl*erent regions differ markedly 
in their permeability, those of the intestine being probably the most 
permeable. It may be that this dift'erence in the constitution of the 
vessels is an important factor in determining the extent of diapedesis 
under similar circulatory conditions. As pointed out by Wcigert, how- 
ever, the greatest influence appears to be exercised by the resistance 
offered by the tissues to the escape of red corpuscles from the vessels. 
Haemorrhagic infarction occurs especially where this tissue-resistance is 
low, as in the loose, spongy texture of the lungs, and in the soft mucosa 
and lax submucosa of the intestine. The haemorrhage is far less in the 
dense muscular coats of the intestine. The considerable resistance offered 



by the naturally firm consistence of the kidney is increased by the eweil- 
ing and hardness resulting from coagulative necrosis of the ei>ithelial 
and other cells of this organ; bo that infarcts in this situation are 
nearly always ansemic in the greater part of their extent, although 
often hiemorrhagic in the periphery. The spleen ia of softer consistence 
than the kidney ; and here both white and r«d infarcts may occur, the 
latter especially with increased venous preasui-e. Although infarcts of 
the brain are soft, they are much swollen in the fresh state from infiltra- 
tion with serum, so as to displace surrounding parts (Marchand). Here 
also there must be considerable resistance to the passage of red corpuscles 
through the vascular walls; but it is not uncommon for these softened 
areas to jiresent scattered foci of hemorrhage, and sometimes they are 
markedly hiemorrhagic. The intraocular pressure ia probably a factor 
in making embolic infarcts of the retina anaemic. Embolism of arteries 
of the extremities with insufUcient collateral circulation is often asso- 
ciated with extravasations of blood in the ischemic areas. 

Metamorphoses of infarcts. — A bland infarct is a foreign body most 
of the constituents of which are capable of absorption and replacement 
by connective tissue. The red corpuscles lose their colouring matter, 
some of which is transformed into amorphous or crystalline htematoidin. 
Polynuclear leucocytes, through chemiotactic influences, wander in from 
the periphery, the advance guard being usiially the seat of marked 
nuclear fragmentation. This nuclear detritus mingles with that derived 
from the dead cells of the part. Granulation tissue develops from the 
living tissue around tho infarct. Young mesoblastic celts wander in and 
assist the leucocytes in their phagocytic work. In the course of lime 
the debris, which becomes extensively fatty, is disintegrated and re- 
moved ; new vessels and new connective tissue grow in; and finally a 
scar, more or less pigmented according to the previous content of blood, 
marks the site of the infarct. In chronic endocarditis, depressed, wedge- 
shaped Bears are often found in the spleen and the kidneys. They are 
rare in the lungs, not because hiemorrhagic infarcts in this situation 
usually undergo resolution like pneumonia or simple haemorrhages, but 
because pulmonary infarcts generally occur under conditions not com- 
patible with the prolonged survival of the patient. Partly organised 
infarcts are not uncommou in the lungs. In the brain, ischtemic soften- 
ing may remain for a long time with appaiently little change ; but the 
common ultimate result is a cyat-like structure, which may be more or 
less pigmented, and is characterised by a meshwork of delicate neuroglia 
and connective-tissue fibres, infiltrated with milky or clear serum. Into 
the finer histological details of the process of substitution of au infarct 
by Bcar-tissue it is not necessary here to enter. 

Chemical effecls. Metastases, — Embolism and metastasis are some- 
times employed as practically synonymous terms ; but, in ordiiuiry usage, 
by metastasis is understood any local, morbid condition produced by the 
transportation of pathological material by the lymphatic or blood'curreut 
from one part of the body to another. 
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We bare alrtewiT cQi»»i«re»i lie «ar«r \fi:^rfl eciS?!: iz. ne«>fC5 ot 
tbeir mechanical ctfwtf. Siinijr <sit«;LL so stta" ats :o c^fojcie I>ipfd 
onlv in JLiteiioIes or caoCl&rie^. r^:tf"*;e no cetbar.iv'al <if«fvts ucl^s^ 
as rarely happeoi. nsmerC'Of arteriole? 'i-r capillaries are ot<5:ruv':<ii. Tbe 
subject of uanspjrtack-c •>! f-izniecit gra-:ilesw a:>i thi: of n<:all:c arid 
carboniferous dust, poi^win^ iLe Tari-r^cs k:ci*>5esw d">»s not fill wirhin 
the scope of this artiele. On a»C'rinc of certain special feariires. emboli 
of air, of fat« and of parenciiyaa-celLs are o:<sc c«:'CTeEiieGClr cc^nsiderevi 
sqiaratelv (pp. 254-259 >. There remain, in c^^ntrast :o the d<ad acd 
inert emb<^ to which oar atteEti«Mi has been especially directed, those 
containing tmnoar-cells and parasitic organisms^ or their (MxxiuotSw 

Masses of tumour growing into a bl*»i-Tes^l mar be broken off and 
transported as coarse embtjli, producing all of the mechanical effects 
which we have described. There have been instances of sudden death 
from blocking of the pofanonarr artery by cancerous or sarcomatous 
emboli, as in a case reported by Feltz. It is, however, as a cause of 
metastatic growths that emboli of tumour-cells have their chief signifi- 
cance. In indlTidoal cases it is oftener a matter of taith than of demon- 
stration that the metastasis is due to such emboli, for opportunities to 
bring absolutely conclusire proof of this m«xie of origin of secoiKlary 
ttmiours are not common. There have, however, been enough instances 
in which the demonstration has been rigorous to establish firmly the 
doctrine of the embolic origin of metastatic tumours The evidence is 
that tumour-metastases are far more frequently due to capillary emboli 
than to those of larger size. Cancers and sarcomas furnish the great 
majority of emboli of this class ; but in rare instances even Wnign 
tumours may penetrate blood-vessels and give rise to emboli, which oxce|v 
tionally are the starting-points of secondary growths of the same nature 
as the primary. Mention has already been made of panuioxical ami 
retrograde transport of tumour-emboli, as well as of the }x^sibility of 
emboli of tumour- cells being so small as to traverse the pulmonary 
capillaries. 

Certain animal parasites, as the Filaria sanguinis, Bilharzia ha^nia- 
tobia, and Plasmodium malarise, are inhabitants of the blooii, or, in 
certain stages of their existence within the human body, are friH]uontly 
foimd there. According to observations of Cerfontaine and Askauazy, 
the usual mode of transportation from the intestine of the embryos of 
Trichina is by the lymphatic and blood -currents. Eohinoi'occi have 
been known to pass from the liver through the vena cava ; or primarily 
from the right heart into the pulmonary artery ; antl emboli fn^m echino- 
cocci present in the wall of the left heart may bo transjH>rted to dis- 
tant organs (Davaine). The Amoeba coli has been found in the intestinal 
veins ; and, as stated by Dr. Lafleur in his article on " Ama^bic Abscess 
of the Liver" (vol. v. p. 156), it is probable that this parasite can reach 
the liver through the portal vein. 

On account of .their frequency and serious consequences, infective 
emboli containing pathogenetic bacteria are of esi)ecial significance. Such 



emboli constitute an important means of distribution of infectivo ngents 
from primary foci of infection to distant parts of the body, where the 
pathogenetic micro-organ isms, by their multiplication and iheir chemical 
productB, can continue to manifest their specific activities. These emboli 
are often derived from infective venous thrombi connected with some 
primary area of infection. The portal o! infection may be through the 
integument, the alimentary canal, the respiratory tract, the genilo-urinniy 
passages, the middle ear, or the eye, with corresponding infective thrombin 
phlebitis in these various situations. Or there may l>e no demonstrable 
atrium of infection, as in many cases of infective endocarditis, which 
constitutes an important source of infective emboli. Emboli may of 
course come from secondary and subsequent foci of infection. 

Coarse emboli are by no means essentia) for the causation of infec- 
tive metastases, nor is it necessary that there should be any thrumbiiEii' 
to afford opportunity for the distribution of micro-organisms from a 
primary focus. Bacteria may gain access to the circulation, singly or 
in clumps ; and such bacteria, without being enclosed in plugs of even 
capillary size, may become attached to the walls of capillaries and small 
vessels and produce local metastases. In this way infective material 
coming from the systemic veins may pass through the pulmonary capil- 
laries without damage to the lungs, and become localised in rarious 
organs of the body. 

We cannot explain the various localisations of infective processes in 
internal organs of the body exclusively by the mechanical distribution 
of pathogenetic micro-organisms by the circulation. Vi'e must reckon 
with the vital resistance of the tissues, which varies in different parts of 
the body, in different species and individuals, and with reference to 
different organisms. Even the pyogenetic micrococci, which are capable 
of causing absceases anywhere in the body, do not generally produce 
their pathogenetic effects in every place where they may chance to lodge. 
They have their seats of preference, which vary in different species of 
animal and proljably in different individuals. 

The mere presence of pathogenetic bacteria in an embolus does not 
necessarily impart to it infective properties. This is true even of 
emboli containing pyogenetic cocci. I have in several instances observed 
in the spleen and kidney only the mechanical, bland effect* of emboli 
derived from the vegetations of acute infective endocarditis, and have 
been able to demonstrate streptococci or other pathogenetic organisms in 
the original vegetations and in the emlioli. As has already been re- 
marked concerning thrombi, the line cannot be sharply drawn between 
bland emboli and septic emboli, simply on the basis of the presence of 
bacteria ; although of course the septic properties must be derived from 
micro-organisms. 

Infective emboli ar <apable of producing all of the mechanical 

effects of bland emboli ; to these are added the specific effects of the 

micro-organisms or their products. These latter effects are essentially 

, chemical in nature, and may occur wherever the emboli lodg^ I 
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thiis independent c^ the particulmr ciiralatorr conditions essential for the 
production of mechAnical effects. The most important of these chemical 
effects are hjemorrhages, usually of small size, and of an entirely differ>?nt 
causation from those of hjemorrhagic infarction : necroses : inflammation, 
often suppuratiTe. and. in case of putrefactive bacteria, gangrenous putre> 
faction. The nKtst im{>ortant function of infective embolism is in the causa- 
tion of pysmia. This subject has been most competently presented by 
Professor Cheyne in voL L p. 601, who has left nothing which requires 
further consideration here. 

£mboiic anevntsms, — Both the first recognition and the correct ex- 
planation of embolic aneurysms, at least of the great majority of cases, 
belong to British physicians and surgeons. TufnelL, in 1853, called 
attention to the influence of emboli in causing aneurysmal dilatation. 
There followed observations by Ogle, Wilks, Holmes, Church, and R. W, 
Smith, before the appearance, in 1873, of Ponfick's important paper 
on embolic aneurysms. Ponfick explained their formation by direct 
injury to the vessel-wall, inflicted usually by calcareous, spinous emboli ; 
a view which has since been confirmed onlv bv Thoma, In 1877, Good- 
hart, in reporting a case, gave the first satisfactory explanation of the 
mode of production of most of these aneurysms. He [xtinted out their 
association with acute infective endocarditis, and referred them to acute 
softening of the arterial waU, caused by toxic emboli. Other ol^serva- 
tions followed ; and in 1885 Osier reported a case which, although not 
embolic, belongs etiologically to the same general category. This was 
a case of multiple mycotic aneurysms of the aorta due to infective 
endaortitis associated with infective endocarditis. In 1886 and 1887 
appeared the contributions of Langton and Bowlby, the most valuable 
in English literature, who fully confirmed and expanded in detail the 
views first briefly announced by Goodhart. Eppinger, in his extensive 
monograph on aneurysms published in 1887, presented the results of a 
minute and careful studv of this class of aneiirvsm, which ho calls 
aneurysma mycotico-embolicum, and reported seven personal ol^serva- 
tions. Of later papers on the subject may be mentioned those of Pel 
and Spronck, Duckworth, Buday, and Clarke. 

The evidence is conclusive that aneurysms mav be caused bv the 
destructive action of bacteria contained in emboli or directly implanted 
on the inner vascular wall.- The usual source for such emboli in relation 
to aneurysm is furnished by acute infective endociirditis ; but as there 
is every transition from ordinary warty endocarditis to the most malig- 
nant forms, and as the same species of micro-organisms may be found 
in the relatively benign as in the malignant cases, no single ty]>c of 
endocarditis is exclusively associated with these aneurysms. As is 
deihonstratcd by Osier's case, the same result may follow a mycotic 
endarteritis not secondary to embolism. 

Eppinger has shown that at least the intima and the internal elastic 
lamella, and usually a part, sometimes the whole, of the media, are 
destroyed by the action of the bacteria, when an aneurysm is produced- 
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TKe site of the aneiiryBin corresponds to this circumscribed area i>f 
destruction, and therefore to the seat of the embolus, and is not above 
it, as some have supposed. The aneurysm is usually formed acutely, 
sometimes slowly. It may remiiiii small or att:;in a large siee. Multi- 
plicity and location at or just above an arterial branching are common 
characteristics of embolic aneurysms. Favourite situations are the 
cerebral and mesenteric arteries and arteries of the extremities ; but 
these aneurysms may occur in almost any artery. Arteries witbout 
firm support from the surrounding tissues offer the most favourable 
conditions for the production of embolic aneurysms. 

Eppinger totally rejects direct mechanical injury from an embolus 
as a cause of aneurysm in the manner alleged by Fonlick ; and Langton 
and Bowlby are likewise sceptical as to the validity of Ponfick'a explana- 
tion beyond its possible application to some of his own cases. Certainly 
the great majority of embolic aneurysms are caused by pathogenetic 
organisms, and belong, therefore, to the class of parasitic aneurysms 
rather than to that of traumatic aneurysms. The affection is not a 
common one. 

In this connection mere mention may be made of the interesting 
and very common verminous aneurysms of the anterior mesenteric 
artery of horses, caused by the Strongylus armatus. 

General symptoms. ^The symptoms of bland embolism are de- 
pendent mainly upon the degree and extent of the local ancemia pro- 
duced by the arterial obstruction, and upon the specific functions of the 
part involved. In infective embolism there are additional symptoms 
referable to local and general infection. Here the constitutional symp- 
toms usually overshadow those referable to the embolic obstruction and 
the local lesions. 

It is not known that any symptoms attend the act of transportation 
of an embolus, even through the heart. In some situations there is 
sudden paiu at the moment of impaction of the embolus (embolic ictus). 
This is more marked in large arteries, especially those supplying the 
extremities, than in smaller and visceral arteries. This pain has been 
attributed to various causes ; but the most probable explanation seems 
to me to be irritation, by the impact of the embolus and by the sudden 
distension of the artery, of sensory nerves and nerve-endings in the 
vascular wall, present especially in the outer coat. It may be that the 
Pacinian corpuscles, which are particularly abundant in and around the 
adventitia of the abdominal aorta, the mesenteric arteries, the iliac and 
the femoral arteries, are susceptible to painful impressions. Embolism 
of the arteries named is characterised especially by the intensity of the 
pain, described sometimes as the sensation of a painful blow, at the 
moment of impaction of the embolus. Surgeons are familiar with the 
pain which attends the act of ligation of larger blood-vessels. 

Of the pain which follows arterial embolism there are other causes, 
such as irritation of sensory nerves by local aneemia, altered tension of 
the part, presence of waste and abnormal metabolic products, structin 
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changes in nerves, inflammalion of serous merabianes covering infarcU, 
aud BO forth. 

Some writers have spoken of the occasional occurrence of a nervous 
or reHex cliill at the titae of the embolic act ; but, without denying the 
possibility of such an occurrence, I think that chills associated with 
embolism have been due usually to infection rather than to vascular 
plugging. 

Although Strieker has constructed a hypothesis of fever based largely 
upon experiments interpreted by him as demonstrating that the com- 
motion mechanically set up by emboli causes fever, I am not aware of 
any conclusive observations which show that fever may be produced in 
this way in human beings. Independently of the intervention of patho- 
genetic micro-organisms, arterial embolism may, however, be accompanied 
by elevation of temperature. Direct invasion of thermic nervous 
centres is, of course, only a special case in certain localisations of cere- 
bral embolism, Gangolphe and Courmoiit attribute the fever sometimes 
observed after arterial occlusion to the absorption of pyretogenetic sub- 
stances which they find produced in tissues undergoing necrobiosis. 
Other possible causes of fever may be the reactive and secondary inflam- 
malions consecutive to embolism. 

Only in external parts, or parts open to inspection, can the phenomena 
of mortification, or "local cadaverisation," as Cruveilhier designated the 
results of shutting off arterial blood, be directly observed. Here are 
manifest the pallor accompanied by patches of lividity, the cessation of 
pulsation, the loss of turgidity, the coldoess, the annihilation of function, 
the local death. The hasmorrhages which result from arterial obstruction 
may, however, be evident, not in external parts only, but also by the 
discharge of blood from the respiratory passages, the intestine, and the 
urinary tract ; as the result of pulmonary, intestinal, and renal infarction 
respectively. The phenomena following retinal embolism are open to 
direct inspection by the ophthalmoscope. In parts not accessible to 
physical exploration the symptoms are referable mainly to the disturbance 
or abolition of function, and, therefore, vary with the special functions of 
the fiart. They will be considered in connection with embolism of 
special arteries (p. 261). 

Diagnosis. — The main reliance in the diS'erential diagnosis of em- 
bolism from thrombosis, or from other farms of arterial obstruction, is the 
discovery of a source for emboli, the sudden onset and the intensitv of 
symptoms referable to local arterial ansmia, occasionally the disappear- 
ance or marked improvement of symptoms in consequence of complete 
or partial re-establishment of the circulation, and to some extent 
the absence of arterio-sclerosis or other causes of primary arterial 
thrombosis. 

Valuable as these characters are for diagnosis, they are neither 

always present nor infallible. For pulmonary embolism the source is 

to be sought in peripheral venous thrombosis or cardiac disease with 

^■knibi in the right heart ; for embolism in the aortic system, the usual 
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source is the left heart, the gi'eat majority of casea being associated with 
disease of the aortic or mitral valves. It may, however, be impossible 
to detect the source, and its existence does not exclude the occurrence of 
thrombosis or other forms of arterial occlusiou. 

Nor are the symptoms consecutive to smboliem always sudden in 
onset. An embolus may at first ordy partly obstruct the lumen of the 
vessel, which is Inter closed by a secondary thrombus ; or it may be so 
situated that a thrombus springing from it is the real cause of the local 
ansmia. For example, an embolus lodged in the internal carotid artery 
usually causes no definite symptoms, but a secondary thrombus may 
extend from the embolus into the middle cerebral artery, in which case 
cerebral softening is sure to follow. On the other hand, the complete 
closure of an artery may be efi'ected by a thrombus with such rapidity 
as to suggest embolism. 

While the sudden occlusion of an artery by an embolus often causes 
temporary ischtemia of greater intensity and over » larger area than 
the more gradual closure of the same artery by a thrombus, so that 
when the collateral circulation is fully established the disappearance 
or reduction of the symptoms may be more marked in the former 
case than the latter, there may be even in thrombosis very decided 
improvement in the symptoms with the development of the collateral 
circulation. 

The existence of arterio-scleroais, of course, does not exclude 
embolism ; but in case of doubt the chances are strongly in favour of 
embolism in children and young adults with healthy arteries, especially 
if cardiac disease be present ; the most common association in the tatter 
cases being with mitral affections. 

Notwithstanding all of these uncertainties, the diagnosis of embolism, 
when it produces definite symptoms, can be correctly made in the 
majority of cases. 

Air embolism. — The majority of cases in which death has been 
attributed to the entrance of air into the circulation have been surgical 
operations and wounds about the neck, shoulder, upper part of the 
thorax and skull, where air has been sucked into gaping veins and 
sinuses by thoracic aspiration; and cases in which air has entered the 
uterine veins, chiefly from the puerperal uterus, either spontaneously, 
as after abortions or detachment of placenta prtevia, or after injectioni 
into the uterine cavity. Jiirgensen has reported cases in which ba 
believes death was caused by the entrance of gas into open veiiu ooo- 
nected with diseased areas in the stomach and intestine. Gasmitt 
embolism has been assigned as the cause of symptoms and of death in 
n-disease and in divers ; and it has been observed in connection 
with the development of gas-producing bacilli in the body. 

A large number of experiments have been made to detennine ths 
effects of air introduced into the circulation. These have demonetrattd 
that when the air is introduced slowly and at intervals, enormous quan- 
tities can sometimes be injected in a comparatively short time without 
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manifest injury. Thus Laborde and Muron injected into the external 
jugular vein of a dog 1120 cc. in the space of an hour and a half without 
causing death ; and Jiirgensen injected into the left femoral artery of a 
dog, weighing 43'5 kilo, 3550 cc. in the space of two hours and a half 
with only slight disturlMuice of the respiration and of the action of the 
heart. Under these circumstances the air-bubbles circulate with the 
blood, pass through the capillaries, and are speedily eliminated. Small 
amounts of air introduced directly into the carotids, the left heart or 
thoracic aorta, are often quickly fatal from embolism of the cerebral or 
coronary arteries. 

The sudden introduction of large amounts of air into the veins is 
quickly fatal. Babbits are much more susceptible to air embolism than 
dogs or horses. 50 cc. of air, and even more, can often be injected at 
once into the external jugular vein of a medium-sized dog without caus- 
ing death ; nor can a dog be killed by simple aspiration of air into the 
yeins, even when an open glass tube is inserted into the axillary or 
jugular vein and shoved into the thorax (Feltz). Barth^lemy says that 
as much as 4000 cc. of air must be introduced into the veins of horses 
in order to cause death. 

After death from entrance of air into the veins, the right cavities of 
the heart are found distended with frothy blood, and blood containing 
air-bubbles is found in the veins — especially those near the heart, and in 
the pulmonary artery and its branches. It is exceptional under these 
circumstances for air to pass through the pulmonary capillaries into the 
left heart and aortic system. 

There are two principal explanations of the cause of death in these 
cases. According to one, associated especially with Couty's name, the air 
is churned up with the blood into a frothy fluid in the right heart, and on 
account of its compressibility this mixture cannot be propelled by the 
right ventricle, which thus becomes over-distended and paralysed. Ac- 
cording to another hjrpothesis, supported by experiments of Passet and of 
Hauer, blood mixed with air-bubbles is propelled into the pulmonary 
artery and its branches, but the frothy mixture cannot be driven through 
the pulmonary capillaries, so that death results from pulmonary embol- 
ism. The paralysing influence upon the heart of obstruction to the 
coronary circulation from accumulation of air in the right heart and in 
the coronary veins must also be an important factor, as well as the 
cerebral ansmia. Probably all of these factors — over-distension of the 
right heart, embolism of the pulmonary artery and its branches and of 
the coronary veins, and cerebral ansBmia — may be concerned in causing 
death, although not necessarily all in equal degree in every case. 

We have no information as to the amount of air required to cause death 
by intravenous aspiration or injection in human beings. It seems certain 
that man is relatively more susceptible in this respect than the dog or 
the horse ; but it is probable that the fatal quantity of air must be at 
least several cubic centimetres, and that the entrance of a few bubbles 
of air into the veins is of no consequence. Many authors have entertaiiMd 
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very exaggerated ideaa of the danger of entrance of a small quantity of 
air into the veins. 

A large proportion of the cases reported in medical recorda as 
deaths due to air embolisni will not stand rigid criticism. I have had 
occasion to look through the records of a large number of these cases, 
and have been aiiazed at the frequently unsatisfactory and meagre 
character of the evidence upon which was based the assumption that 
death was due to the entrance of air into the circulation. 

So far as I am aware, the first attempt to make a bacteriological 
exaininatioii and to determine the nature of the gas-bubbles found in 
the blood uuder circumstances suggestive of death from entrance of air 
into the vessels, was made by me in 1891. A patient with an aortic 
aneurysm, which had perforated externally and given rise to re]>eated 
losses of blood, died suddenly without renewed haemorrhage. At the 
autopsy, made in cool weather eight hours after death, there was 
abundant odourless gas in the heart and vessels without a trace of cada- 
veric decomposition anywhere in the body. It was proven that the gas 
was generated by an anaerobic bacillus, which was studied by Dr, Nuttall 
and myself, and named by us Bacillus aerogenes capsulatus. This 
bacillus is identical with one subsequently found by E. Fraenkel in 
gaseous phlegmons, and with that found by Ernst and others in livers 
which are the seat of post-mortem emphysema (Schaumleber). It is 
widely distributed in the outer world, being present especially in the 
soil, and often exists in the human intestinal canal. Dr. Flexner and I 
have reported twenty-three personal observations in which this gas- 
bacillus was found, and since our publication we have met with several 
additional ones. The only points concerning these cases which here 
concern ua are, that this bacillus not only may produce gas in cadavers, 
but may invade the living body, and cause a variety of affections char- 
acterised by the presence of gas. There is evidence that the bacilli 
may be widely distributed by the circulation before death, and that gas 
generated by them may be present in the vessels during life. In moat 
cases, however, in which this bacillus was present, the gas found in the 
heart and blood-vessels was generated after death. I do not consider that 
there is satisfactory evidence that similar effects may be produced by 
the colon bacillus, as has been asserted. There is, however, a facultative 
anaerobic bacillus, very closely allied to the B. aerogenes capsulatus, 
which may also cause gaseous phlegmons and produce gas in the vessels 
after death. 

Our observations have demonstrated that the finding of gas-bubbles 
in the heart and vessels a few hours after death without any evidence 
of cadaveric decomposition is no proof that the gas is atmospheric air, 
or is not generated by a micro-organism. In all such cases a bacterio- 
logical examination is necessary to determine the origin of the gas. 
In many cases reported as death from entrance of air into the 
veins, the evidence for this conclusion has been nothing more than 
fi-"'" ■'as-bubbles in the heart and vessels after sudden or otherwiaa 



onezplained death. In ihe absence of a bacteriological examiimtion, 
the only casea which can be accepted as conclusive are those in which 
death has occurred immediately or shortly after the actually observed 
entrance of a considerable amount of air into the veins. There have 
been a number of carefully observed and indisputable instances in which 
during a surgical operation in the " dangerous region " life was 
imperilled or extinguished by the demonstrated entrance of air into 
wounded veins. After the audible sound of the suction of air into the 
Tein, death was sometimes instantaneous; or it occurred in a few minutes 
after great dyspntea, syncope, dilatation of the pupils, pallor or cyanosis, 
oceaaionally convulsions, sometimes the detection by auscidtation over 
the heart of a churning sound synchronous with the cardiac systole, and 
tlifl exit from the wounded vein of blood containing air-bubbles. These 
very alarming symptoms miiy disa])|>ear and the patient recover. 

The evidence for this mode of death would seem to be almost as 
conclusive for a certain number of the sudden deaths following 
injections into the uterus, es|>ecially for the purpose of committing 
criminal abortion, and after the BO|karation of placenta prievfa. But I 
UD Bceittical as to this explanation of many of the deaths which have 
been reported as due to the entrance of air into the uterine veins. In 
the reports of Dr. Flexner and myself will be found the description of 
Hveral caaes of invasion of the B. aerogenes capsniatus, which without 
bacteriological examination would have the same claim to be regarded 
u deaths from entrance of air Into the uterine veins as many of those 
•0 recorded. I have had the opportunity to examine the museum 
ipecimen of a uterus of a miich-quote<l case so rejiorted, and I found 
la its walls bacilli morphologically identical with our gas-l>acillus. 
Certainly all cases of this kind should hereafter be re[)orte<l only after 
1 bacteriological examination. Jiirgensen's cases of supposed entrance 
of gas into the geneml circulation through the gastric and the intestinal 
feins are undoubtedly instances of invasion, either before or after death, 
of gas-forming bacilli. 

Since Paul Bert's researches, the symptoms and death which occa- 
<iana11y follow the rapid reduction of previously heightened atmospheric 
pressure upon exit from a caisson or diver's apparatus, have been plausibly 
attributed to the liberation of bubbles of nitrogen in the circulating 
blood. This explanation of the phenomena is not, however, free from 
foubt, and it is difficult to bring conclusive evidence in its support in 
tht ease of human beings. Little weight can be attached at present to 
ibe iv^DOrta of finding bubbles of gas in the blood-vessels of those who 
lave diJ^ from caisson-disease, for these reports have not hitherto been 
■coomponued by any bacteriological examination to dotei'miue the source 
ofthega*.^ 

Kmldaij^^ Robert have made the curious observation that the lungs 
W not air-uiTv''* "'"''^'' *" incieaae of intrapulmonary pressure which 
""Z teniponiiW- '^v occur in human lyings. They found in experiment* 
DO aounab tiatulujj^'Diall air-bubblos may apipear under those circumsta' 
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in the pulmonary veins and left heart without any demonstrahle rupliire 
of the ptilmonftry tissue ; and they argue that this may occur under 
similar conditions in human beings. The entrance into the circuUtion 
of a few minute air-bubbles in this way would doubtless produce no 
effects. Ewald and Kobert cite two or three not Ht all convincing 
published cases in 8up]jort of the possibility of death resulting from the 
entrance of air through unruptured pulmonary veins. Very piausiMe 
is Janeway's hypothesis that the transitory hemipleglii and other cerebral 
symptoms, which have occasionally been observed to follow washing-out 
the pleural cavity with peroxide of hydrogen, or some other procedure 
by which air or gas may accumulate in this cavity under high pressure, 
are due to air embolism or gaseous embolism of the cerebral vessels. 

Not less remarkable are the experimental observations of Lewin and 
Goldschmidt concerning air-embolism following injections of air into the 
bladder and its passage into the ureters and renal pelves. It has not 
been demonstrate] that the same phenomenon can occur under similar 
conditions in human beings. 

Fat embolism. — Fat embolism, first observed in human beings by 
Zenker and by Wagner in 1862, is the most common form of embolism ; 
but its practical importance does not correspond to its frequency. It is 
of greater surgical than medical interest, inasmuch as the severer forms 
are nearly always the result of traumatism. The usual conditions for 
its occurrence are (i.) rupture of the wall of a vessel, (ii.) proximity of 
liquid fat, and (iii.) some force sufficient to propel the fat into the vessel. 

Fat-embolism probably occurs in every case of fracture of bone con- 
taining fat-marrow. When the bone is rarefied, and contains an unusual 
quantity of fat-marrow, embolism resulting from its injury may be very 
extensive ; as is illustrated by several fatal cases of fat-embolism follow- 
ing the forcible rupture of adhesions in an anchylosed joint. Kibbert 
has shown that fat-embolism may result from simple concussion of bone, 
as from falls or a blow. Inflammations, hiemorrbages and degenerations 
of the osseous marrow may cause it. It may likewise result from 
traumatic lesions, necroses, hEemorrhages, inflammation of adi{>ose tissue 
in any part of the body, — of the brain, of a fatty Hver, in a word of any 
organ or part containing fat. Injury to the [wlvic fat during child- 
birth leads to fat-embolism. Oil-globules in the blood may come from 
fatty metamorphoses of thrombi, of endothelial cells and of atheromatous ^ 
plaques. The lipsemia of digestion and of diabetes mellitus has n9^ 
been generally supposed to lead to fat-embolism, but Sanders f^iA 
Hamilton have observed capillaries filled with oil-globules afterydeath 
from diabetic coma, and they attribute in certain cases dyspt^.tea and 
coma in diabetes to this cause. f 

In the great majority of cases, fat-embolism is entirelyi> innocuous, 
and, unless it is searched for, its existence is not revealed •■ at autopsy, 
and then only by microscopical examination. Plugging » of capillaries 
and small arteries with oil may, however, be so extensivar and so situated 
as to cause grave symptoms and even death. More meuderate plugging 
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may tAA in causing donth in thoso greatly wenkened by shock, 
bsmorrhage, or otiier caiiaes. The detection of fsit-emboliam in the 
pulmonary veasels muy be of mediuo-legal value iii determining whether 
injuries have been inHicted before or after death. 

Tbe deposition of fat-emboli is most abundant in the small arteries 
and capillaries of the lung, where in extreme cases ihe appeaninues of 
microscopic sections may indicate that considerably over one-half of the 
pulmonury capillaries are filled with cylinders and drops of oil. In rare 
instances of extensive injury the amount of fat in the blood may be 
enormous, so that post-mortem clots in the heart and pulmonary artery 
may be enveloped in layers of solidified fat. Some of the oil passes 
through the- pulmonary capillaries and blocks the capillaries and 
arterioles of various organs; those which sutler most being the brain,' 
the kidneys, and the heart. The extent of the embolism in tbe aortic 
system varies much in different cases, being sometimes slight, at other 
times extensive. Probably the force of the circulation determines the 
■mount of fat which passes through the pulmonary capillaries. Oil once 
deposited may be again mobilised and transferred to other capillaries. 

As already stated, it is only in the comparatively rare instances of 
extensive fat-ombolism that effects of any consequence are produced. 
The fat itself is perfectly bland and unirritating, although it may be 
accidentally associated with toxic or infective material. The lesions 
and symplj)mB, when present, are referiible mainly to the lungs, the 
brain, the heart, and the kidneys. These lesions are multiple ecchy- 
moses (which in tlie lungs and the brain may be very numerous and 
extensive), pulmonary cedema, and patchy fatty degeneration of the 
cardiac muscle and of the epithelium of the convoluted tubules of the 
kidney. Pulmonary redema, referable probably to paralysis of the left 
heart, is common with extensive fat embolism of the lungs. Death 
may undoubtedly be caused by fat-embolism of the cerebral vessels, 
possibly also by that of the coronary vessels. 

The st/mplonis in the extreme cases are quickened respiration, 
riipid prostration, reddish frothy expectoration, the crepitations of 
pulmonary ccdema, small frequent pulse, cyanosis, and — with cerebral 
invasion — coma, vomiting, convulsions, and occasionally focal cerebral 
symptoms. The tenqiernture may either fall or rise. Oil-globules 
are ofteu found in the urine, but it is still an open question whether 
these are eliminated through tbe glomerular capillaries, many of which 
M.' often Hlled with oil. 

i.-om the recent investigations of Beneke it appears that the oil is 
readily ^disposed of, in small part by sajwnification, possibly oxidation, 
and emUiriion by means of the blood plasma ; but in larger part through 
tbe motabQlic and phagocytic activities of wandering cells which form 
a layer anftjnd the fat. The saponifying ferment — lipase — which 
Hanriot has Oiscovered in blood-serum is probably one of the agents 
concerned in d^p^>9iIlg of the fat. 
f fimbotlsm tik pareactaymatous cells. — This is in general of more 
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palhologicn-aiiatoinical than clinical interest, and therefore Deed not be 
considered here in detail. Aa has been shown by Lnbarach, AschofT, 
and Maximow, bone-marrow cells, with large budding nuclei, uaunlly 
undergoing degeneration, may often be found lodged in the pulmonary 
capillaries after injury to bone, in toxic and infective diseases, in leiico. 
cythicmiik, and in association with emboli of other parenchymatous cells, 
I have seen them in large number in capillaries of the liver in a case of 
spleno-medullary leucocythtemla. 

Next in frequency are emboli of liver-cells, which are found chiefly 
in pulmonary capillaries, but may puss through an open foramen ovale 
so as to reach capillaries of the brain, kidneys, and other organs. F. C. 
Turner in 1884 first observed liver-cells within hepatic vessala ; and later 
'Jiii'gens, Klebs, Schmorl, Lubarsch, Flexner, and others noted their 
trans]xirtation as emboli after injury, hiemorrhages, and necroses of the 
liver, and with especial frequency In puer|)eral eclampsia. Secondary 
pi ate let- thrombi are usually formed about the cells. 

Especial slgniticance was attached by Schmorl to the presence of 
emboli of placental giant-cells (syncytium) in the pulmonary capillaries 
in cases of puerperal eclampsia ; but these emboli, although frequent, are 
not constant in this affection, and they may occur in pregnant women 
without eclampsia (Lubarsch, Leuaden, Kassjanow). 

To the group of parenchymatous emboli may be added the transport 
of large cells from the spleen to the liver through the splenic and portal 
veins. I have seen large splenic cells containing pigment and parasites 
blocking the capillaries of the liver in cases of malaria; and also the 
well-known large splenic cells containing red blood -corpuscles in cases of 
malaria and of typhoid fever. The crescentic endothelial cells of the 
spleen may enter the circulation. 

After traumatism and parenchymatous embolism fragments of osseous 
and medullary tissue may be carried to the pulmonary vessels as emboli 
(Lubarsch, Maximow), Emboli of large masHes of hepatic tissue have 
been found in branches of the pulmonary artery by Schmorl, Zenker, 
Hess, and Gaylord as a result of traumatic laceration of the liver. 
Chorion-villi may be detached and very rarely conveyed as emboli to 
the lungs (Schmorl), or by retrograde transport to veins in the vaginal 
wall (Neumann, Pick). This is much more likely to occur from chorionic 
carcinoma and moles than from a normal placenta. 

So far aa known, emboli of maiTow-cells, of liver-cella, of normal, t 
syncytial cells, and of splenic cells undergo only regressive metara'dnd 
phosDs, which lead to their eventual disappearance. The possij^ death 
that without the presence of any syncytial tumour in the uterus ow.cea and 
emboli of syncytial cells may give rise to malignant tumours t 
tjrpical structure of those developing from syncytium, seon^ innocuous, 
been demonstrated by a case reported by Schmorl ; but it ca. at autopsy, 
supposed that the displaced syncytial cells wore normal? of capillaries 
liver-cells manifest a distinct coagulatlve influence ( Ha (tl^ and so situated 
and in two instances Lubarsch attributed infarcts in thwuderate plugging 



liver to thrombi formed around theBe cells. Marrow-tells and ayncytial 
cells may likewise cause, in less degree, eecoiidary pluli'let nnd byntine 
dirombi ; but it does not appear that these thrombi have the importiknce 
ID the etiology of puerperal eclampsia which is attached to them by 
Schmorl. With a few exceptions, no impoitant lesions of the tissues 
or definite symptoms have been conclusively referred to emboli of these 
parenchymatous cells. 

Although widely different in results, the transportation of tumour 
cells by the blood-current is a process similar to that of parencbymatoua 
embolism, for which indeed cellular embolism seems to me a preferable 
designation. Benno Schmidt has found small branches of the putmonaiy 
artery plugged with cancer-cells derived from gastric cancer or its 
met»atases, both with and without growth of the cells into the walls of 
the plugged arteries. Such cells may roach the lungs by conveyance 
through the thoracic duct and innominate vein. 

Embolism of special arteries. — ^I shall present the salient character- 
istics of the more important special localisations of embolism, so fur as 
these have not been suificiontly considered in the preceding pages, or do 
not pertain to other articles in this work. Embolism of the central 
nervous system will be discussed in the next volume under Diseases of 
the Brain and Spinal Cord, The pynmic manifestations of infective 
1 have been described in the articles on " Py»mia " (vol. i. p. 
JIOI) and on " Infective Endocarditis " (vol. i- p. 626 and vol. v, p. 876). 
PxUmonary endidism, — The effects of pulmonary embolism vary with 
t of the plugged vessel, the rapidity and comploteneas of its 
lure, the nature of the embolus, and associated conditions. EmboliRm 
of large, of medium-sized and small arteries, and of capillaries may be 
distinguished. 

The most frequent source of large emboli is peripheral venous 
thrombosis, although they may come from the right heart. Sudden 
or rapid death follows embolism of the trunk or of both main divisions 
of the pulmonary artery. It may occur also from embolism of only one 
of the main divisions or from plugging of a large number of branches at 
the hilum of the lung. 

Death may be instantaneous from syncope. More fre<}uently the 
patient cries out, is seized with extreme precordial distress and violent 
suffocation, and dies in a few seconds or minutes. Or, when there is 
Mtill some passage for the blood, the symptoms may be prolonged for 
i or even days before the fatal termination. The symptoms of 
^ pulmonary embolism are the sudden appearance of a painful 
readilyVr oppression in the chest, rapid respiration, intense dyspnrea, 
and emuflijiQ^eJ |jy cyanosis, turgidity of the cervical veins, exophthalmos, 
the raetiibiVf the pupils, tumultuous or weak and irregular heart's action, 
'_ layer aro^j-gjia] pulse, great restlessness, cold sweat, chills, syncope, 
iriot has ^and convulsions. The intelligence may be preserved, or 
eoncerncd in di^^i;,.imU| coma, and other cerebral symptoms. Partini 
Embolism bjlVgi^trj^i, between the violence of the dyspnoea f 
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freeiliira with which the air enters the lungs ami tho iibsonce of pul- 
moHHry jihysioul signs ; iiiileBs iu tho more prolonged cases it be the 
signB of cedema of the hinga. Litten fonniJ in two caxes Bystolic or systolic 
and diiietolic stenotic murmurB in the first and second intercostal spaces 
on the right or left Bide of the sterniun. In prolonged cases the Bymptoms 
may be paroxysmal with marked romiesiona. Recovery may follow afl«r 
the appearance of grave symptoms. There has been much and rather 
profitleaa discussion as to the degrees in which the symptomB are refer- 
able to asphyxia, to cerebral antemia, or to interference with the coronary 
circulation. Doubtless all three fjictors are concerned, but the exact 
apportionment to each of its due ahare in the result is not easy, nor 
veiy important. 

The diagnoBis is based upon the sudden appearance of the symptoms, 
with a recognised source for an embolus. It is sui'prising to find in the 
larger statistics, lis those of Bang and of Bungor, how often the throm- 
bosis leading to fatal pulmonaiy embolism has been latent. Here the 
diagnosis cannot always be made; but in many cases it may be suspected, 
or be reasonably certain : as when the above-mentioned symptoms appear 
in puerperal women; diiring convalescence from infective fevers, aa 
enteric fever, influenza, pneumonia ; iu marasmic and ancemic conditions, 
as phthisis, cancer, chlorosis ; after surgical operations, especially those 
involving the pelvic organs ; and in i>ersonB with varicose veins. 

Even at autopsies the soiu'ce for the embolus has sometimes been 
missed, but this has been due generally to inability or failure to make 
tho necessary dissection of the peripheral veins, or to dislocation of the 
entire thrombus. Sorre has published a series of cases of pulmonary 
embolism with latent thrombosis, showing the difficulties which may 
attend the discovery of the source, and the frequency with which patient 
search reveals the primary thrombus. The majority of plugs in the 
trunk or main divisions of the pulmonary artery, found in cases of 
sudden death, present the anatomical characters of emboli, associated 
perhaps with secondary thrombi ; but there remain a certain niunber of 
cases of sudden or gradual death from primary thrombosis of the 
pulmonary artery, or from thrombosis extending into a main division 
from an embolus in a smaller branch (see Thrombosis, p. 208). 

Bland embolism of medium-siised and small branches of tho pulmonary 
artery in normal Inngs, and without serious impairment of the (tulmonary 
circulation, usually causes no symjitoms and no changes in the parens 
chyma of the lungs. Even in lungs structurally alteretl, and y/yjt- 
serious disturbances of the circulation, such embolism may be wi^^lity 
effects. The explanation of the harmlessness of the majority of q/ tubes, 
sized and small pulmonary emboli is that the collateral cr'with t' e 
through the numerous and wide pulmonary capillaries is, untlpis to have 
conditions, quite capable of supplying sufficient blood to aciu hardly be 
artery is oWtructed, to preserve its function and integrfc. Emboli of 
the pulmonary tissue, in contrast to the braiu and^au, Lulwirsch); 
relatively insusceptible to partial local anaemia. li: kidney and the 



Often enough, hoivaver, medium-sized and atnaller branchea of the 
pnlmonury artery are occluded by emboli or thrombi under conditions 
where the pulmonary circulation ie incapable of compensating the 
obstmction, and then the result is hamorrhagic infarction of the lung. 
The moat common and important of the couditiona thua favouring the 
production of hemorrhagic infari^tion is chronic pasaive congestion of the 
lunga from valvular or other disease of the left heart. It ia especially 
during broken componsation of cardiac disease that haemorrhagic in- 
farction of the lungs occurs, sometimes indeed almost as a terminal 
event. Other favouring conditions are weakness of the right heart, 
fatty degeneration of the heart, general feebleness of the circulation, 
pulmonary emphysema, infective diseases. 

The source of the embolus causing pulmonary hjemorrhagic infarc- 
tion is oftener the right heart than a peripheral thrombus. Globular 
thrombi are often formed in the right auricular appendix and ventri- 
cular apex in uncompensated disease of the left heart, particularly of 
the mitral valve (see Thrombosis, p. 183). The infarction may be caused 
also by thrombosis of branches of the pulmonary artery, which are not 
infrequently the seat of fatty degeneration of the intima and of 
sclerosis in cardiac disease and in emphysema. Thrombi in larger 
branches often give rise to emboli in smaller ones. 

Pulmonary infarcts are usTially multiple, more frequent in the lower 
than the upper lobes, and occur on the right aide somewhat oftener than 
on the loft J corresponding thus with the distribution of emboli. Their 
size varies generally from that of a hazel-nut to a pigeon's egg; but it 
may be smaller or much larger, up to half or even an entire lobe. They 
are conical or of a wedge-shai*, the base being at the pleura. Infarcts 
are rarely buried in the substance of the lung so as to be invisible from 
the pleural surface. Typical fresh infarcts are strikingly hard, sharply 
circumscribed, swollen, upon section dark red, almost black, smooth 
or slightly granular, and much drier than ordinary hjemorrhages. 
Examined microscopically, the air-cells, bronchi, and any loose con- 
nective tissue which may be included in the infarct are stuffed full of 
red corpuscles. The capillaries are distended, and in all but the freshest 
infarcta usually contain, in larger or smaller amount, hyaline thrombi, 
to which von Kecklinghauseu attaches much imporlance in the pro- 
duction of the infarct. Fibrin may be scanty in very recent infarcts, 
^but in older onee it is abundant. The walls of the alveoli in the 
)]Witral part of the infarct are the seat of typical coagulative necrosis 
la rg^frag mentation and solution of the nuclear chromatin. It is prob- 
Bonse djiat the red corpuscles also undergo some kind of coagulative 
pallor fot^or otherwise it is difBcult to explain the extreroely hard consist- 
dilatation !i^ fresh infarct. It is possible that small pulmonary infarcts 
■mall, emptwent ones may occur without necrosis j but the ordinary ones 
opisthotono8,V"d cannot therefore be removed by resolution ; but, if the 
there may bo dl^ng enough and suppuration or gangrene of the infarct 
striking is the c\ire substituted by cicatricial tissue (Willgerodt). 
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Ever eiucrt the first aiimirable deacription of biemorrbagic infurcts of 
the lung by Laeimec there baa been considerable difference of opinion as 
to their BXplanjitioD. The doctrine thiit they are usually caused by 
emboli, however, gradually gained general acceptance. This explana- 
tion has always had opjKinentB, chioHy on the grounds that emboli often 
occur in the pulmonary arteries without infarction ; that infarction is not 
always associated with obstruction of the corresponding artery; that 
some have believed that simple hiemorrhages may produce the same 
appearances, and that until recently attempts to produce pulmonary 
infarction experimentally have been without positive or at least suffi- 
ciently BAtiafactory results. Hamilton is strongly opposed to the 
embolic explanation, and attributes hfemorrhagic infarction of the lung 
to a simple apoj^lexy, resulting usually from rupture of the alveolar 
capillaries in chronic pissive congestion. Grnwitz, likewise, considers 
that embolism has nothing to do with the causation of pulmonary 
infarction, which he explains by haemorrhage from newly-formed, richly- 
vascularised, peribronchial, subpleural, and interlobular connective tissue 
consecutive to the chronic bronchitis of cardiac and other diseases. He 
structural changes in the lung as an essential pre-requisite 

infarction. Grawitz's attack es[)ecially has stimulated investigation 
which, in my opinion, has strengthened the supports of the embolic 
doctrine of hajmorrhagic infarction. 

The evidence seems to me conclusive that pulmonary infarcts are 
caused by embolism and tbi'ombosis of branches of the pulmonary 
artery. In the great majority of cases the arteries supplying the areas 
of infarction are plugged. Upon this point my ex]3crience is in accord 
with that of von Eecklinghausen, Orth, Hanau, Oestreich, and many 
others. That these arterial plugs are secondary to the infarction is 
improbable, as hemorrhages elsewhere, as well as undoubted ones in 
the lungs, often as they cause secondary venous thrombosis, rarely cause 
arterial thrombosis. Moreover, there is sometimes an interval of 0|)en 
artery between the plug and the infarct, a relation not observed with 
the undoubtedly secondary thrombosis of veins connected with the infarct, 
and not explicable on the assumption that the arterial thrombosis is 
secondary. The plug often has the characters of a riding embolus. 
Not a few of the plugs, however, are primary thrombi. The occasional 
occurrence of pulmonary infarction without obstruction in the arteries 
has as much, but no more, weight against the embolic explanation as the < 
similar, and I believe quite as frequent, occurrence of splenic infarcts wi(tth 
out embolism or thrombosis of the splenic arteries. Both the hiemortJrtiout 
and the necrosis of infarcts are essentially capillary phenomenaijedium- 
being independent of the other; and undoubtedly can occur jtf en lation 
little understoofl, in various regions, without plugging of th^tr ordinary 

The anatomical characters of pulmonary infarcts are esHj area whose 
same as those of hffimoiThagic infarcts of the spleen an^W^y j and that 
The conical shape, the hard consistence, the periphera^jjc kidney, is 
coagidative necrosis are distinctive characters of pulmoi^ 



infarcts. The necrosii cuimot well be attributed to com press ion of the 
dlveolar walla by the extravasated blood, for the capillaries in these are 
usually distended widely with blood. It has the genei-al characters of 
the ischicmic necrosis of infarcts, except that it apparently occnra some- 
what lat«r in the formation of the infarct and does not usually reach 
the periphery ; phenomena which may be explained by the relative 
tolerance of the pulmonary tissue of partial ischfemia, and by a betlei' 
peripheral circulation than is present in infarcts elsewhere. 

Inasmuch aa emboli do not ordinarily cause infarction in normal 
human lungs with Wgorous circulation, it is not surprising to find that 
similar emboli tmder similar conditions do not cause infarction in the 
lungs of animals. It is not easy to reproiluce experimentally in animals 
the conditions under which pulmonary infarcts occur in man ; yet there 
have been several valuable contributions in recent years to the experi- 
mental production of pulmonary infarction ; these have furnished an 
experimental basis, which, if not all that is to be desired, still marks a 
distinct advance for the embolic doctrine of hiemorrhagic infarction of 
the lung. Pulmonary infarcts, in all essential respects identical with 
those in human lungs, have been produced by experimental embolism or 
arterial occlusion by Cohnheim and Litten, Perl, Kiittner, Mogling, 
Grawitz, Klebs, Gsell, Sgambati, Orth, Zahn, and Fujinami. Most of 
these experimental infarcts have been produced under conditions not 
very analogoiis to those of human infarcla ; but the essential fact that 
typical hfemorrhagic infarction of the lung may be caused by arterial 
plugging has been experimentally established. Into the details of these 
experiments it is imposHible here to enter. 

Whether genuine hemorrhagic infarcts of the lung may ever be 
caused by simple hsamorrhage from rupture of blood-vessels is perhaps 
an open question. At present this mode of their proiluction seems 
to me uiidemonstruted and improbable, so that I hold that simple 
pulmonary apoplexies and genuine infarcts should be clearly dis- 
tinguished from each other. Neither the results of experimental 
introduction of blood into the trachea (Perl and Lippmann, Sommer- 
brodt, Nothnagel, Gluziiiski), nor the appearances of the lungs after 
undoubted bronchorrhagias, pneumorrhagias, and suicidal cutting of 
the trachea support the opinion that aspiration of blood from the trachea 
and bronchi causes genuine hsemorrhagic infarction. In only one of 
merbrodt's numerous experiments was such infarction observed, and 
regards as accidental. The explanation of this exceptional 
.is probably the same as in Perl's experiment with thrombosis 
able tWesection and aniemia. 

change,*^ seen, in two or three instances, nearly white or pale-red fresh 
ence of thliircts in densely consolidated lungs.' Even when caused by 
and very reVpulmoiiary infarcts are exposed to the invasion of bacteria 
are necrotic, aLssages ; and such bacterial invasion may lead to sup- 
patient lives r 
does not ensue, %87). 
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punttioti or gangrene. Completely cicatrised putmonary infarcts occur, 
but ihey are not common — life being uBiially cut short by the associated 
cardiiic disease before the infarct is healed. 

Haamorrhagic infarction of the lungs may he entirely latent ; often, 
hovever, the diagnosis can be made during life. The afiection may be 
ushered in by a chili or chilly sensation, increase of a usually existing 
ilyspncea, and localised pain in the side. Those symptoms are far from 
constant. The characteristic symptom, although by no meiins patho- 
gnomonic, is bloody expectoration. Profuse hfemoptysis was noted by 
Laennec, but is very rare. The sputum contains dots and streaks of 
blood, or small dark coaguta; or, more frequently, the blood is intimately 
mixed with the expectoration, which is in smalt masses and usually less 
viscid and darker red than that of pneumonia, although it may resemble 
the lattflr. Blood may be present in the sputum for one or two weeks 
or even longer after the onset of the infarction. It acquires after a 
time a brownish-red tint, and generally contains the pigmented epi- 
thelial cells usually seen in the sputum of chronic passive congestion. 
Circumscribed seru-fibrinous pleurisy is usually associated with pulmon- 
ary infarction. Even with infarcts not more than four or five centi- 
metres in diameter the physical signs of consolidation and snbcrepitant 
r^les can sometimes be detected ; usually in the posterior, lower parts of 
the lungs. These signs are referable not only to the infarct, but also to 
the surrounding localised cedema and perhaps reactive pneumonia. There 
may he moderate elevation of tenij>erature. When the characteristic 
bloody expectoration, together with signs of circumscribed consolidation, 
appears in the later stages of cardiac disease, or with peripheral venous 
thrombosis, there is generally little doubt of the diagnosis. Yet similar 
expectoration may occur from simple bronchial haemorrhages in intense 
passive congestion of the huigs without infarction. The expectoi'ation 
in eaticer of the lungs may resemble that of pulmonary infarction. 

The sudden appearance of pain in the chest, cough, and elevation of 
temperature, immediately after the hypodermic injection of undissolved 
preparations of mercury, ia attributed to pulmonary embolism. The 
symptoms dis:ippear in a few days without serious consequences. This 
complication has been rare in the experience of most of those who have 
employed this treatment of syphilis, but has led some to abandon tbe 
method. 

The embolic pneumonias and abscesses caused by infective emboU 
are pyiemic manifestatious, and have been considered in the articWd- 
" Pyiemia " in the first volume. '.lage 

Splenic mfardimi. — Antemic infarcts of the spleen, which ara, each 
moner than the htemorrhagic variety, are not usually in the rar in ways 
so pale and bloodless as those of the kidney ; for the sp la/arteries. 
richer in blood than the kidney, and in chronic passive con{i«entially the 
which the larger number of infarcts occur, the red pulp/ other parts. 
blood outside of the vessels. Many of these infarct^' situation, the 
priately described as mixed red and white infarcts, iiriary as of splenic 



vary greatly in size, but in general they are much larger than those 
occurring under the siiiue t'OniUtiona in the kidney, ub comparatively 
large arteries in the spleen breuk up into numerous small terminal twigs. 
Averaging perhaps two to six centimetres in diameter, a single infarct 
may occupy one-half or more of the spleen. The recent infarcts are 
han], swollen, and more or less wedge-shaped, with the base at ths 
cajjsule, which is often coated with fibiin ; or in older cases is thickened 
and adherent by fibrous tissue. The great majority are caused by 
emboli from the left heart or the aorta; but both hemorrhagic and pale 
splenic infarcts occur without arterial occlusion ; especially in certain 
scute infective diseases; oflenest in relapsing fever, but also in typhus, 
enteric fever, cholera, and septiceemia. The causation of the latter ia 
unknown. Ponfick attributes them to venous thromboais, which may be 
the cause of the hasmorrhagic infarcts; but it is difficult to understand 
how it can produce the pale anaemic infarcts. Bland infarcts are mostly 
absorbed and substituted by pigmented, occasionally calcified, scars, 
which when numerous may cause a lobular deformity of the spleen. 

Sjilenic infarction is often entirely latent. Of the symptoms attri- 
buted to it chills and elevation of temperature belong usually to the 
accompanying acute or chronic endocarditis. Swelling of the spleen, 
which pertains to chronic passive congestion, is produced also by 
infarcts. The most diagnostic value attaches to the sudden appearance 
of pain in the region of the spleen, perhaps increased by lying on the 
left side, by deep inspiration, and by pressure ; and to a perisplenitic 
friction rub, which can sometimes bo detected. These symptoms are 
not very certain diagnostic points; but when they occur with some mani- 
fest source for a splenic embolus, and perhaps with recognised embolism 
in other organs, they justify a strong suspicion of splenic infarction. 

Renal infaTcliim. — There have been a few instances, especially after 
traumatism, of nearly total necrosis of a kidney from thrombosis of the 
renal artery, combined usually with thrombosis of the vein. Usually 
plugging of the main artery leads to multiple infarction with intervening 
intact areas. The ca])aulai' arteries suffice for the preservation of at 
least a narrow outer rim of renal tissue. 

Renal infarcts are nearly always aiuemic, in the recent state some- 
what swollen, and of an ojiaque pale yellowish colour, with the base of 
I wedge just beneath the capsule and the apex toward the hilnm, 
most frequently near the boundary between the pyramid and cortex, 
thil^ee zones can often he distinguished : — the main central yellowish 
resulK mass of necrotic tissue ; next to this a narrow yellow zone of fatty 
after vgfciclear fragments, and disintegrating leucocytes ; and an outer, 
I hav^variable rim of hyperiemia and hsemorrhage which belongs 
aniemic infl^ infarct and partly to the surrounding tissue. The htemor- 
bland emhollVtend a variable distance into the infarct, and in very rare 
from the air-pi\ine htemorrhagic infarcts occur in the kidney. Numerous 
' In vcr}- rnre inafc'^'^'^*^''' """^ produce a form of atrophic kidney to which 
rculaiion flic is applicable, Thorel finds that a " 



of the epithelium and evea of uriniferuus tubules may occur in heuliug 
renal infarctB. 

Very Inrgo infarcts may bo stretch the reuiil capsule as to induce 
severe pHin. In a case diagnosed by Traubo an infarct two inches in 
diameter, projecting well above the aurfiice, caused intense puin and 
tenderness in the region of the irifiircted kidney, with extension of the 
pain into the corresponding thigh. With the ordinary small infarcts 
pain is not usually a prominent symptom. The chief sign of dia- 
gnostic value is the sudden ap|:)earance of blood in the urine in association 
with disease of the left heart, aortic aneurysm, or other recognised source 
for a renal emboluH. The amount of blood is nsually only moderate or 
evident by microscopical examination of the urine. It is to be remem- 
bered that chronic passive congestion of the kidney is itself one of the 
many causes of hEcmaturia. 

Infective emboli, which are often capillary iu size, cause multiple, 
often miliary abscesses in the kidney. This is the hfematogenous variety 
of acute suppurative nephritis which occurs often in acute infective 
endocarditis and other forms of pyaemia. Here the pyuria anil other 
renal symptoms are usually of less consequence thau those of general 
iofection. 

EmbolUm ami Tltrombosis of the mesenteric and iniatincU arteria. — Throm- 
bosis of the mesenteric veins, which causes lesions and symptoms identi- 
cal with those following embolism of the mesenteric arteries, has been 
considered in the preceding article (p. 2 IS). Since Virchow's first doscnp- 
tion of embolism of the superior mesenteric artery, in 1647, at least 
seventy cases have been reported of embolism or thrombosis of the 
mesenteric arteries. The affection, although not common, occurs often 
enough and is of such gravity as to be of considerable clinical interest, 
In Watson's collection of cases there are eight which occurred withiu a 
single year in Boston. The casuistic litcratm'e upon the subject is fairly 
extensive. The articles of Litten and of Faber contain reports of most 
of the cases published up to 1875. The principal clinical featuFes were 
carefully studied by Gerhardt and by Kussmaul in 1863-64. The papers 
of Watson and of Elliot in 1894-95 refer to about fifty reported cases, 
of which thoy have analysed those with satisfactory clinical histories with 
special reference to surgical trealmeut. The effects of occlusion of the 
mesenteric arteries have been ex))erimentally studied by Beckmann, 
Cohu, Litten, Faber, Welch and Mall, and Taiigl and Harley. /i 

The principal conclusions drawn by Mall and myself from our jf on 
periments have been stated already in the discussion of the collate^" 
culation, and of hemorrhagic infarction following embolism (pp. ifre com- 
245). It mtiy here be repeated thai, according to our exiwriafcent state 
blood which produces the hsemorrhagic infarction enters b;^/en is much 
moeing arteries and not by reflux from the veins ; that ihei^aatlon, during 
cannot be explained by any demonstrable change in ihe^contains mueh 
but is the result of retardation and stasis of the circulatiM can be appro- 
of red corpuscles in the veins and capillaries, attribujr! Splenic infarcts 



in cases of iirtej-ial obstruction to reduction or loss of liitci'al pulsution of 
the blood-current ; thiil the ischiemia is increased by the tonic contrac- 
tioQ of the inteatiiml muscle which follows for two or three hours' closure 
of the superior mesenteric artery ; and that the sudden and complete 
shutting off of the direct arterial supply to a loop of intestine 5 to 10 
ctm. in length is followed by hemorrhage and necrosis of the loop, even 
when the vessels at each end of the loop are open. These I'osults we 
obtained by experimentation upon dogs, but there is no reason to 
suppose that they do not apply to human beings. With the exception 
of Cohn, the other experimenters explain the infarction by regurgitant 
flow from the veins and alterations in the vascular walls. 

The nLajority of the cases of he^morrhagic infarction of the intestine 
have been due to embolism of the mesenteric arteries, the source of the 
embolus being usually the left heart, sometimes an atheromatous aorta or 
aortic aneurysm, and in one instance a thrombus in the pulmonary veins 
caused by gangrene of the lungs (Virchow), Several cases have been 
caused by autochthonous thrombosis resulting from arterio - sclerosis, 
aneurysm, pressure, or the extension of a thrombus from the adjacent 
aorta. It is probable that a certain number of the cases reported as 
embolic were referable to primary thrombosis of the mesenteric arteries, 
as no source for an embolus could be discovered, and the plugs in some 
of these instances were fresh Jtilherent thrombi. As has been shown 
in the preceding article, primary thrombi may form in arteries which are 
free from atheroma or other chronic disease.' 

In the great majority of the cases the obstruction was in the superior 
mesenteric artery. The few scattered instances of embolism or ihrum- 
bosia of the inferior mesenteric artery indicate that this also may, very 
rarely, cause incomplete hiemorrhagic infarction of the corresponding 
part of the intestine, but that the collateral circulation here is better, 
and the lesions likely to consist only in small htemorrhages in the 
intestinal mucosa. The inferior mesenteric artery may be obliterated 
without any manifest disturbance in the structure or function of the 
part of the intestine supplied by it. 

The obstruction may be situated in the main stem or in any of the 
branches of the superior mesenteric artery. Intestinal infarction has 
been associated with embolism of the larger branches oftener than with 
that of the main stem. As the anastomoses through the arterial arches 
-,-e so free, obstruction of single small branches is without mechanical 
TbJts. There have, however, been several instances of intestinal 
whitiiion caused by multiple emboli or extensive thrombosis of small 
cells, Bt of the superior mesenteric artery, 
irregulai 



rhage may e\{i 1 mn leam h» liv not riimiHhed the fuller dencriptinn wbiuti be proml'i 
instances eenuV""" **"■ Witliout «uch deBcriptionUioreLiroomror thrsiMpiciouthrt 
, ^ ,j\iDliitLicvH'nrk mu-kJiigBBnnietimi^ seen otter detocliingntof inodhamit 
scars from old KV^^, ^r eiulsrUritU. it .Tob. .mt «ppOTr from hi!, nrttole ttit ha Tm 
jQ epithet emboAtDdarleritis " excupt B.rtOT n^moHog RdhRBnt thrambL 





Intestinal infarction is not tho imperative result of ocduaion of the 
superior mesenteric artery, as infarction is of occlusion of brsnchos of 
the Bplenic and renal arteries, and of the basal cerebral. Both the trunk 
and the principal branches of this artery may be gradually closed 
without serious effects. Tiedemann and Virehow have found the 
superior mesenteric artery completely obliterated by old, firm thrombi 
or connective tissue without any lesions in the jojuntim or ileum. The 
most remarkable case is that of Chicne, who found in a woraan sixty-five 
years old, with aneurysm of the abdominal aorta, complete obliteration of 
the cceliac axis and both mesenteric arteries, with an adequate collateral 
circuialion through the greatly distended ex Ira-peritoneal anastomosing 
arteries. In a number of instances plugging of large branches of the 
superior mesenteric artery has caused no more than hyjMraemia and super- 
ficial ecchymoses, without genuine infarction of the intestine. 

The rapid and complete closure of the 8U[>erior mesenteric artery, 
however, is followed with great regularity, probably constantly, by 
h hemorrhagic infarction of the intesline. There have been several 
instances in vrhich embolism or thrombosis of the trunk of this artery 
has amaed hiemorrhagic infarction extending from the lower part of the 
duodenum into the transverse colon (Oppolzer, Pieper, Fabor, Kauf- 
mann), as in the experimental cases. More frequently the infarction is 
in the lower part of the jejunum and the ileum, corresponding to 
the occlusion of a principal branch or of several branches supplying this 
region. The infarction corresponds in general to the area of distribu- 
tion of the plugged arteries, but it may occupy only a part of this area. 
In several instances a single small loop or several loops with interven- 
ing normal intestine have been infarcted. 

As already intimated, the infarction may be complete or only 
partial. When completely infnrct«d, the wall of the affected intestine 
is thickened, (edematous, of a dark red colour from infiltration with 
blood and covered with lustreless peritoneum. The margins of the 
infarct are often sharply marked but may pass gradually into the normal 
bowel. The miicous membrane is necrotic, often defective, and may be 
coated with a diphtheritic exudate. In a few instances tbe intestine has 
been gangrenous over considorabla ar&is, without typical haemorrhagic 
infarction, or with the hoemorrhagic appearance adjacent to the gangrene. 
The lumen of the intestine contains black tarry blood. There is bloody 
fluid in the peritoneal cavity, and usually a fibrinous, sometimes r 
fibri no-purulent exudate on the peritoneum covering the infarction ; t6x- 
ihere may be general peritonitis. The mesentery is succulen*'-*! cir- 
h^emorrhagic, usually in patches, exceptionally in the form of If2ii9 aud 
masses of extravaaated blood. Areas of fat-necroais may baicuts, the 
in the mesentery. The mesenteric veins are distenda*'tho anasto- 
mesenteric glands often swollen and hemorrhagic. Y&rjf) hatmorrhage 
bacteria, most commonly the colon bacillus, may make thervascular walls, 
peritoneal cavity through the necrotic wall. Flex^n and clumping 
reported an instance of hfemorrhagic infarction of the/able in htrge part 



I nidenoea of pneumo -peritonitis, supposed to be due to perforation, 
P existed during life. At the autopsy, made six hours after death, a large 
amount of gas was found in the peritoneal cavity without perforation. 
The B. aerogenes capsulatus was present in large numbers in the 
peritoneal exudate. This case domonstratea the generation of gas in the 
closed peritoneal cavity. In the intestinal mucosa were gas-bleba which 
were observed also in one of Faber's cases and in Jurgens' case of 
intestinal infarction. 

The hiemorrhiigic infarction is by no means always so completely 
formed as that just described. There may be no hiemorrhagea in the 
mesentery. The extravasation of blood may be limited to the mucosa, 
or even to the stibmucosa, as in one of Ponfick's cases. In an instance 
of nearly complete thrombosis of the trunk of the superior mesenteric 
artery, reported by Councilman, there were paralysis, great distension 
and ecchymoses of the small intestine, but no infarction. Between mere 
venous hyperemia with scattered, superficial hemorrhages, and complete 
necrosis and infarction, there are all gradations, the controlling factors 
being doubtless the rapidity and extent of the arterial occlusion and the 
vigour of the general circulation. 

There have been two or three instances in which the anatomical 
picture of hiemorrhagic infarction of the intestine has been present 
without discovery of any obstruction in the corresponding arteries or veins. 
Lycett reporta an observation of hiemorrhagic infarction of the small 
intestine in an infant one month old without discoverable cause. 

Hremorrhagic infarction of the bowel may be insidious in its onset 
and course; and, in pttients profoundly prostrated or with cerebral symp- 
toms, it may occur without the attention of the physician being drawn 
to any abdominal trouble. Usually, however, the onset is abrupt, and 
grave intestinal symptoms are present. In the majority of cases, severe 
colicky pain and abdominal tenderness, either without distinct localisation 
or moat marked near the umbilicus, are prominent and usually the first 
symptoms. The pain at the beginning is perhaps attributable to the 
violent, tonic spasm of the intestine which follows sudden occlusion of 
the superior mesenteric artery. After a few hours this spasm gives 
L, place to complete paralysis of the affected part of the bowel, and then 
P^ the pain may be referable to peritonitis. The local aniemia, haemor- 
\^rhage, and necrosis seem, however, quite sufficient to account for the pain. 
s'^miting, which often becomes bloody and occasionally fiecal, is also 
effe\.>Ily an early and persistent symptom. By fur the most characteristic 
infarcbyiin, which is present in the majority of cases hut not in all, is the 
branchesf^jf tarry blood in the stools, which are fre(iuotit]y diarrhceal, 
' Lilian hiia'"'^^ have the odour of carrion. In nearly all Citses there 
cmiNPil hywhaifkjS 'nto the bowel, but the blood is not always voided. 
I artnisa, So br iiV intestinal obstruction — tympanitic distension of the ab- 
' Utto '£"'''"■ rtalt''' fit™'''''' ^ "'"^ obstipation — are in some cases prominent, 
tbrombfls for a 9iifipiiilV;xplained by the complete paralysis of the infarcted 
ihia ■' Utticert ^rmal temperature, pallor, cold sweats and collapse. 
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which api>oai' in moaC cases, are explicable in part by the iDtestinal 
hiemorrbagti, &rA in part by the shock of the destructive lesion. The 
sensation of a palpable tumour, referable to a cDlleclion of blood in the 
mesentery or to the infarcted bowel, has been noted in only three or 
four cases. 

The chief emphasis for purposes of diagnosis is to be laid upon the 
occurrence of intestinal htomorrbage, not explicable by independent 
disease of the intestine or by jKirtal obstruction, in combination with 
other symptoms mentioned, and with the recognition of some tiource 
for an embolus, perhaps of embolic manifestations elsewhere. In the 
majority of cases the diagnosis has been intestinal obstruction, or acute 
peritonitis. The symptoms closely resemble those of intussusception, in 
which hsemorrbage from the bowel, although generally less abundant 
than with embolism of the su[)ertor mesenteric artery, is common. 
Fortunately the distinction of hemorrhagic infarction from intestinal 
obstruction is not of much practical importance ; for if the symptoms and 
condition of the jiatient warrant it, an exploratory laparotomy is indi- 
cated in both conditions. Elliot, by the successful resection of four feet 
of infarcted intestine, has brought hfemorrhagic infarction of the intestine 
into the surgeon's domain. 

The prognosis is grave ; and with complete infarction and necrosis of 
the intestine it is almost necessarily fatal, unless surgical relief be avail- 
able. Watson estimates that in about one-sixth of the cases the loca- 
tion and extent of the infarction are suitable for resection of the bowel. 
It is impossible to say at present to what extent the prognosis of 
hiemorrhagic infarction of the intestine is favourably modified by the new 
possibilities of surgical interference. Gordon has successfully resected 
two feet of infarcted intestine. This and Elliot's case are the only two 
in which this operation has been performed ; so far as I am aware. 

When the infarction is ini;omptete, and is limited chiotly to the 
inner coats of the intestine, recovery may doubtless take place. Cohn, 
Moos, Lereboullet, and Finlayson have ropiorted instances of recovery 
after symptoms indicative of hiemorrhagic infarction. Packard attri- 
buted cicatricial areas found in the mesentery of an old man dead of 
rupture of the ascending aorta to healed infarction ; but no previous his- 
tory was obtained, and Packard's interpretation does not seem to me 
to be free from doubt. Death may occur within 20 to 48 hours after the 
onset, or the duration may be protracted over several days. Karche>".» 
has reported the survival of a patient with mitral stenosis for t4nd 
months after the complete occlusion of the suiterior mesenteric artp-., and 
an embolus, the symptoms being sufficiently characteristic to b-'arge Hat 
mitted a probable diagnosis during life. / e present 

Intestinal ulcers <lue to embolism or thrombosis constitufJd and the 
class, which liaa been studied o.tpecially by Ponfick, Parenap.ous intestinal 
nagel. Parenski relates an instance of operation for intfflfcir way into the 
which at the autopsy was found to be caused by cicatrij^ter and I hava 
due to embolism of a branch of the superior mesentiy^ jejunum in which 
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a common are ulcers cnused by infective emboli lodging in the amiill 
[«ries and capillaries in the intestinal wall ; thoy are observed especially 
in acute ulcerative endocarditis and pytemia. These emboli cause hiemor' 
rhages, necroses, and miliary abscesses with resulting ulceration. The 
ulcers are usually multiple, sometimes numerous, and situated in the 
small intestine and c^cum. The intestinal ulcers occasionally asso- 
ciated with degenerative multiple neuritis are referred by Minkowski 
and Lorenz to thrombosis caused by disease of the small arteries, which 
^^^riU been repeatedly observed in this form of neui'itis. 
^^■r i'm6oii,TOi a-nd Thrmnhosis of the Hioraeic aorta. — Unless there be some ab- 
^^Bttmal narrowing or obstruction of the aorta, it is hardly possible for an 
^B^bolua to lodge in this vessel, except at the ostium or the bifiu'cation. An 
exception to this rule may result from the detachment of a large aneurys- 
mal clot, which, as in three cases of abdominal aneurysm rejjorted by Bris- 
towe, may block the aorta at or just below the mouth of the aneurysm, 
I know of but three instances of embolism of the mouth of the aortJi — 
two reported by Cohn with instantaneous death, and one by Reid mi 
which the patient lived an hour and a half after the fii'st symptoms of 
partial ol>st ruction. 

In a very few instAuces the lumen of an atheromatous thoracic aorta 
has been seriously encroached upon, or even obliterated, by thrombotic 
masses. Such cases have been reported by Trost, Tewat, CarviJIe, 
Armet, Chvostek, Jaurand, and Pitt. The thrombus may occupy the 
ascending, the transverse, or the descending aorta, and may occlude the 
mouths of the left carotid and subclavian arteries. If there remain a 
sufficient channel for the blood, as in Pitt's case, there is no resulting 
circulatory disturbance ; otherwise there may be paralysis, cedema, 
gangrene of the lower extremities, and, if the left subclavian is obliter- 
ated, of the corresponding upper extremity. 

Bochdalek and Liiltich have each described an instance of occlusion 
of the aorta in infants by the extension of an obliterating thrombus 
from a dilated ductus Bobilli, Far more frequent is stenosis or atresia 
of the aorta al or near the attachment of this duct, due usually to 
persistence of the isthmus aortro, as was first shown by Rokltansky. Of 
this latter condition about 100 instances have been recorded. 

m and Thrombosis of the ahilominal aoria. — Graham in 1814 
^ refei'red to a museum specimen in Glasgow, which had belonged to Allan 
I, of occlusion of the abdominal aorta just above the bifurcation by 
usiVjaminated coagulum extending into the iliacs. I have found fifty-nine 
sympt^uent reports of occlusion of the abdominal aorta by embolism or 
passago^i^is, and have seen references (which I have not consulted) to six 
and some^ther cases. ^ I have not included in this list the detachment 
is heemorrh^^ abdominal aneurysms, although Bristowe's three cases 
Symptoms of 

domen. f.^cal ^u'U-ilvon Weismajr's tam (irirawiBBrf. /"reaM, ]S94, p. 1771), » it 

^- -- It was living, nnd in the diwllssion some Joubl wni exprenad ■> 
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demonstrute that this may occasion the same symptoms. The morio- 
gi'tipbs and artkles of Meyniii'd, Cnmmureri, Selter, KouBsel, Charrier 
and Apert, and Heiligentlial contain refeienees to or refwiU of forty- 
eeven ciiees ; to these I have added twelve published cases not mentioned 
by them. The references are at the end of this article. 

Three of the imtients were living at the time of the reports, and in 
two fatal cases there was no autopsy. lu the remaining lifty-fonr the 
plug occupied the lower eud of the aorta and extended a variable disl^tnce 
into the arteries below. In thirty-one the plug did not reach higher 
than the inferior mesenteric artery ; in ten the upper extremity lay 
between the inferior mesenteric and the renals ; in three between the 
renals and the suiwrior mesenteric ; in two between the latter and the 
cceliac axis ; in one just below the pillars of the diaphragm, and iu seven 
the length of the plug is not stated. The upper part was often conical ; 
ao that, when the plug extended higher than the inferior mesenteric, it 
was often not obliterating until at or below this artery. In the great 
majority of cases only the last, or the last two, lumbar arteries were 
blocked by the thrombus. In several instances a thrombus, either 
independent or continuous with that in the aorta, occupied the lumbar, 
the mesenteric, the renal, or other branchoe of the aorta. In all instances 
the thrombus extended into the common iliacs, and in many into 
arteries lower down, sometimes even as far as the posterior tibial, the end 
being usually lower on one side than on the other. 

It is difficult, indeed impossible, from the published descriptions, 
which are only too often incomplete and unsatisfactory, to determine 
accurately how many of the cases were referable to embolism and how 
many to thrombosis. Essentially similar cases have been interpreted 
differently in this respect by different observers. The plug was usually 
adherent, and only in relatively few cases were its anatomical characters 
such (or at least so described) as to indicate positively its nature as 
embolus or primary thrombus. The majority of cases with sudden 
or rapid invasion of characteristic symptoms were associated with 
cardiac disease, or disease of the upper part of the aorta ; and would, 
therefore, naturally be interpreted as embolic. Still in many of these 
no satisfactory source for a large embolus was demonstrated. Some 
cases not less abrupt in onset were without atiy aH'ection of the 
heart or of the aorta above the plug. The sudden appearance of 
symptoms of obstniction of the aorta, although strongly indicative of . r 
embolism, are not decisive upon this point. Barth, in 1848, describi^TO 
a ciise of obstruction of the aorta by a cylindrical thrombus exter^sry by 
from the superior mesenteric artery to the bifurcation, and leaviKMVO per- 
a narrow channel for the circulation of the blood. There.. ' 
circulatory disturbances. If this narrow channel bod be^te a distinct 
closed at one point, as might readily happen, the symptomrfVki, and Noth- 
ably have been those of embolism. It is evident that aoilfetinal stricture, 
secondary to only partly obliterative emboli riiling the lafeition of an ulcer 

ta, or to emiKili or thrombi in the iliacs or lower arteeric artery. Much 
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sympioms like those of primflry thrombosis of the aorta. There are 
several instances of such secondary thronibosis of the aorta in my collec- 
tion of cases. 

Without much confidence in the accuracy of the classification in 
several instances, I have divided the fifty-nine cases into forty-five 
referable to embolism of the aorta »t the bifurcation, and fourteen due to 
thrombosis ; of the latter, seven were primary, six secondary to embolism 
of the iliacs, or possibly the femoral, and one to thrombosis of the arteries 
of the extremities. The source of the aortic embolus is believed to have 
been the heart in tbirty-five cases ; aneurysm of the ascending aorta in 
one ; pressure of a tumour on the aorta in two ; atheroma of the thoracic 
aorta in one ; in six it was undetermined. The heart was found to be 
normal at the autopsy in eleven of the fifty-three cases ; and in seven 
both the heart and the aorta above the plug were normal. 

Mitral stenosis exiBte<l in twenty cases (two of these being caused by 
thrombi extending from the left auricle into the ventricle), acute mitral 
endocarditis in three, mitral endocarditis, not further defined, in four, 
mitral insufficiency without stenosis in one, thrombus in the left auricle 
without valvular disease in one, thrombi in the left ventricle, mostly 
without valvular disease, in eight, and large aortic vegetations in one. 

The most interesting point in the etiology of plugging of the 
abdominal aorta, so far as it is permissible to draw conclusions from so 
few instances, is that nearly thirty-four per cent of the cases wore 
associated with mitral sienosis. In many of these the stenosis was 
extreme. The question at once arises of the source of the embolus in 
these coses, for it cannot be supposed that an embolus large enough to 
occlude the lower end of the aorta could pass through the contracted 
mitral orifice. Some of the cases may be explained by a smaller embolus 
caught at the aortic bifurcation, or in an artery lower down, with secondary 
thrombosis of the aorta; but the sudden onset of motor and sensory 
paraplegia and of cessation of pulsation in both femoral arteries in a 
largo number of cases seems to demand abrupt stoppage of the circula- 
tion through both common iliacs. A few observers who have realised 
the difiiculty here presented have assumed that a large thrombus had 
formed in the left ventricle and been detached without leaving any trace 
behind ; for only in two or three of the cases with mitral stenosis was 
there any evidence of a thrombus in the left ventricle or the aorta above 
_the plug. This explanation must be regarded as purely hypothetical. 
olrHie coexistence in a number of the cases of infarctions of the spleen, 
aubse^y, or brain has seemed to some writers strong evidence in favour 
thromhiiembolic nature of the aortic plug, It is possible that the explana- 
or seven ol. of the cases with acute bilateral symptoms referable to aortic 
of clots frot and associated with marked mitral stenosis may be the 
t a small embolus followed Iiy thrombosis of the aorla. 
' I hnre not lDgi> classiRcation above given I have placed nearly uU the 
reportoii MfhiU ibe p»V ateiioaia under embolism, I am nevertheless not d"*'"- 
oUervDUon. V tne rapid onset of the symptoms, and v 
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infarctioiia, to interprel miitiy of them aa primary thromboaes 
of the aurtii. The circiilaloiy condilions with extreDie, uncompensated 
mitral stenosis aeem favourable to the occurrence of arterial throm- 
bosis ; itnd, if this view be accepted for the plugging of the abdominal 
aorta, the question arises whether thrombi frequently present in smaller 
arteries in aasociatioa with this form of valvular diseafe may not oftener 
be primary than is generally supposed. 

In a few cases uongenital narrowing of the aorta was noted. In 
three instances plugging of the abdominal aorta was associated with 
embolism or thrombosis of arteries of an upper extremity. Coincident 
thrombosis of the vena cava, iliac, or femoral veins was observed in a few 
cases. In Jurgens' patient there was heemorrhagic infarction of the 
intestine. In several instances htemorrhages were found at autopsy in 
the mucous membranes of the bladder and uterus. Herter, in his experi- 
ments in my laboratory with ligation of the abdominal aorta in rabbits, 
found hemorrhagic infarction of the uterus to be so common a result of 
this operation that, when it was desired to keep the animals alive for any 
length of time, we abandoned the use of female rabbits for Stensou's ex- 
periment. It does not appear, however, that in human beings hemorrhage 
of the uterus is a common sequel of occlusion of the abdominal aorta.' ' 
It is probable that if search were made in suitable cases in human beings 
who have died of aortic thrombosis or embolism, the interesting muscular 
changes described by Herter in the experimental cases would be found ; 
as similar changes had been previously discovered by Litten iu an 
instance of occlusion of the right iliac and femoral arteries. The most 
important of these muscular alterations are vacuolisation, proliferation 
of the sarcolemma nuclei, atrophy, and fatty and pseudo-waxy 
degeueralions. 

Plugging of the abdominal aorta has occurred most frequently in the 
course of chronic cardiac or arterial disease; but in some instances it 
took place during or after an acute infective disease, as acute articular 
rheumatism, puerperal fever, erysipelas, during convalescence from 
enteric fever (Forgues), and after pneumonia (Leyden). 

Of the fifty-uine cases thirty were females, twenty-seven males, and 
in two the sex is not stated. Seventeen were between twenty and 
thirty years of age, twelve between thirty and forty, eight between forty 
and tifty, thirteen between fifty and sixty, one was nineteen, one sixty- 
one, and the ages of seven are not given.* Marked atheromatous, 
changes in the arteries were noted in fourteen cases, Occlusion of t^ 

..ding 

' It m&y here be numtiooed that HBrxheiniiT, Popoff. nnd Chuiri liave csrii dis*:;^^ nnlv 
inatanca of hsmorrliik^c iDforctioa of the uterus alter eilousive bilateral p]U|jjp'''e ^"'y 
veasels supplying tills orgnn. ' were DO 

' In Lilttich'a cut atread/ menticmsd (p. 273) oT thromboai* of tlis wo^i suddenly 
fonrleen dofi olil, ■ thrombaa beginoiDg 4 l-iu, below the Insortinn oi Vsuf < j _rnh. 
eitimJed into the iliac artfriw. Charrinr and Apart iuolude iu Ihalr coll^- WOUia proo- 
IbramboBii of the abdomiual aorta two caus from AlIilwrt'B Iheais ot l^tic thromboses 
the other th»a and a half yean old, with gaugnns of one leg. [ '"wfi furcation of ths 
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abdominal aorta by embolism or thrombosis, therefore, is not especially 
a senile affection. 

When one considers the manifold conditions under which the ab- 
dominal aorta may become partly or completely plugged by embolism 
or by primary or secondary thrombosis, it is evident that there can be 
no general uniformity of symptoms. The plug may be so situated as 
to interfere with the circulation in one leg more than in the other. 
Diversities arise from variations in the collateral circulation in different 
cases. Still the majority of patients have presented a well-characterised 
group of symptoms. In the larger number of cases the onset has been 
acute, in the minority insidious and gradual. The symptoms have 
often appeared simultaneously in both legs, but there may be a short or 
a long interval between the invasion of one and that of the other 
leg. In the more acute cases the leading symptoms are pain in the 
legs, — sometimes in the loins and abdomen, sudden or rapidly mani- 
fested paraplegia, anaesthesia of the legs, absence of femoral pulsation, 
and phenomena of mortification extending from the feet upward. In 
several instances the patients, while walking, have been seized with 
excruciating pain in the legs, and have fallen paralysed to the ground. 
The pain is often atrocious and more or less paroxysmal. There may 
be tenderness on pressure over the occluded aorta. In a few cases pain 
has not been a prominent symptom. 

Although the paraplegia has been repeatedly described as instantan- 
eous in its appearance, it is to be inferred from the histories of carefully 
observed patients that at least a short interval of time and sometimes 
several hours and even days elapse before it is complete. In forty-four 
cases in which there are definite statements about the motor power, 
there was complete or nearly complete paraplegia in twenty-four; in- 
complete paralysis of both lower extremities, described in some instances 
merely as weakness, in ten ; paralysis of only one leg in five, and no 
paralysis in five. The paralysis seems to be usually of the flaccid 
variety, but in some cases the paralysed muscles are stiff. In Sarin's 
patient the paralysed legs were completely rigid, and it may be inferred 
that a condition analogous to rigor mortis had set in. With complete 
paralysis the reflexes and electrical excitability are abolished. Paralysis 
of the bladder and rectum, with retention of urine and involuntary 
evacuations, was observed in several cases, but not in the majority. 

Of the cases with satisfactory histories in only two was there no 
1 disturbance of sensation. In some there was only numbness or some 
kidits;^.tion of sensation, but in most there was definite anaesthesia, extend- 
of the'V^ome instances no higher than the knee, — more frequently to the 
tion eveft.^ upper third of the thigh, and in two cases as high as Poupart's 
obstructio^i^^ There was sometimes complete analgesia, which, however, 
lodgment of y^de sensations of spontaneous pain in the - legs. In many 
Although in thv there was hyperalgesia, either in the anaesthetic area or 
cases with mitral 
*ned in spite Aof greatest diagnostic value is absence of pulsation in 
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thu artoriea of the luwer extremities. In three or four ii 
determined tbtt ihe abdominul aorta below the navel was pulaelesa. 
Wilbur observed excessive aorlic pulsation above the obstruction. The 
legs becoms rold, and their surfiice temperature may even fall below 
that of the room (Browne, Manz). Absence of bleeding upon incision 
and of reactive bypertemia after application of heat have been noted. 
The akin, at first pjile, soon acquires a livid mottling, and the superficial 
veins may be dilated. (Edema of one or both legs and cutaneous 
hiemorrhagea are recorded in some of the histories. If the patient lives 
long enough gangrene usually ensues, and it may be manifest within 
twenty-seven to forty-eight hours. Gangrene was bilateriil in at least 
twenty-four cases, and unilateral in seventeen. The extent of the 
gangrene varied greatly in diflerent cases, being sometimes limited lo 
the foot, sometimes reaching the middle of the thigh, and, in Bell's 
jiatient, involving the scrotum. Tympanites, diarrhoea, and albuminuria 
are common. Exceptional symptoms are the appearance of blood in the 
urine or stools, btematemesis, and priapism. BeiUores appeared in 
many cases, and may appear within a few days from the onset. 

Death may occur within twenty-four hours from the beginning of 
the attack. Fourteen patients died within the first four days, with 
collapse and rapid, weak, usually irregular pulse. There may be marked 
improvement in the initial symptoms either in one or in both legs. 
The larger number of patients die after a variable interval, which may 
extend over several weeks or even months, from gangrene, decubitus, 
and sepsis. 

Of the deviations from the type may be especially mentioned 
incomplete manifestation of symptoms on one or both sides, transitory 
affection of one leg, limitation of the symptoms to one lower ex- 
tremity only (four cases), and affection of one leg followed after days, 
weeks, or months by that of the other (six cases). The two cases 
reported by Barth and by Jean are considered particularly characteristic 
of slowly forming thrombosis. Here the first symptoms were chiefly 
numbness and intermittent claudication, vrhich, after a long interval, 
deepened into paraplegia without gangrene. 

All but three cases terminated fatally, more fre4|uently from the 
remote effects than from the immediate shock of occlusion of the aorta. 
The three' inetniices of survival with marked amelioration of all the 
symptoms are reported by Gull, Chvostek, and Nunez. These cases > 
began acutely with severe pains, jxiraplegia, disturbances of seusalio?'* 
coldness and lividity of the lower extremities, The femoral pulsK>' 
appeared completely in GulVa and in Nunez's cases, but in *-''',Vi^''^^ 
it conld still be felt, although it was feeble. In ChvostekV'"^* " 
patches of superficial gangrene appeared ; but in the otheu;. in an inhnt 
there was no gangrene. Nunez reports that after a yoa^ ductus ^J*™ 
there was no return of the femoral pulse on either side, ^^^s^one t"«e, ud 

Since the demonstration by Schiffer and Weil, confiJ^ uoi touui«d th«#i 
and Eriegor, Spronck, Herter, and others, that \\ivgf 



follows immediately or very shortly after ligation of the abdoiniiial aorta 
just below the renal arteries in rabbits (yienson'a experiment) ia due to 
ischiemia of the lumbar cord, many have aasumed that the same explana- 
tion applies to the paraplegitt in human beings after occlusion of the 
abdominal aorta, If the rabbit's aorta be tied for an hour, and the 
ligature be then removed, the paraplegia and paralysis of the bladder 
and rectum are permanent, the gray matter of the Inmbar cord under- 
goes necrosis, and a genuine myelitis affecting chiefly the gray but alao 
the white matter eitsuos. The same experiment gives negative results 
with the cat and usually with the dog. In view of the great interest of 
the subject, it is, to say the least, remarkable how few of the reports of 
autopsies on persons dead of embolism or thrombosis of the aorta have 
anything to say about the condition of the spinal cord. Eoussel and 
Heiligenthal observed no macroscopic changes in the spinal cord. In 
Bell's and Bai'i^ and du Castel's cases the cord was microscopically 
normal, save congestion in the latter. Broca, Legi-oux, and Malbranc 
noted with the naked eye changes in colour, from which no definite 
conclusions can be drawn. The only detailed report of a microscopical 
examination of the cord is that of Helbing, who found, in the lumbar 
region of a man who lived thirty-nine days after emboliam of the 
abdominal aorta, degeneration of the anterior and posterior nerve-roots, 
more marked on one siile than the other ; and degenerations in the cord 
for the most part explicable by the changes in the nerve-roots. The 
lesions of the cord were quite unlike those found in experimental cases, 
and are interpreted by Helbing as essentially analogous to those after 
amputation, and not referable to ischiemia of the cord. 

Ae the matter now stands, there are no direct observationa to support 

the opinion that the paraplegia following embolism or thrombosis of the 

abdominal aorta in human beings is caused by ischiemia of the cord, so 

that the old explanation which refers it to ischiemia of the peripheral 

nerves and muscles has the most in its favour. The question of the 

possibility of this mode of production of paraplegia, however, seems to 

me still open, an<l it is to be hoped that hereafter fatal cases of this 

rare condition will not be reported without satisfactory microscopical 

examination of the spinal cord. The anatomical investigations of Kadyi 

and of Williainson at least do not exclude the possibility that the lumbar 

cord in human beings is dependent to a considerable extent for its blood- 

L supply upon the lumbar arteries. 

'^ The diagnosis of ischsemic paraplegia from spinal paraplegia can 

-.j.'erally be made without difBculty by the absence of femoral pulsation, 

ine iii"^ coldness an<l lividity of the extremities, and by the occurrence 

middle b'"^"^ '" ^^^ former. 

]■ . ^'isrii fif arleries of the ezlremilifs. — Of the arteries of the extremi- 

dU not e'xciL"''^^"' ""^^ ^^^ femoral are the most frequent recipicnW of 
, jjQwgvek results of embolism of arteries supplying the extremities 
' "'milar to those of arterial thrombosis, whiuh have already 

■, 206). The modifications resulting from the suddea 
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advent of embolism are sutficienily self-evident. There may be severe 
pain at the moment of im|mction and at the site of lodgment of the 
embolaa. The general prijiciples involved in the differentiation of embo- 
lism from tbromboBis have been presented under Diagnosis (p. 253). 

Hepalie iiifareliun. — As the effecU of infective emboli in branches of 
the portal vein and of the hep>atic artery have been considered elsewhere 
in this work (vol. i. p. 601, and vol. v. p. 123), only the possible me- 
chanical efTects of hepatic emboli require consideration here. Although 
the intrahepatic branches of the hepatic artery and of the portal vein 
are terminal vessels, their capillary communications are so abundant 
that, as a rule, embolism or thrombosis of the hepatic vessels causes no 
interference with the circulation in the liver. Experiments of Cohnhcim 
and Litten and of Doyon and Dufourt have demonstrated that complete 
interruption of the circulation through the he[}atic arteries of the rabbit 
and the dog is followed by necrosis of the liver. Chiari has observed 
an instance of necrosis of the entire liver caused by closure of the trunk 
of the hepatic artery beyond the origin of the pyloric branch. 

In rare instances, and under circumstances at present tiot thoroughly 
understood, a condition somewhat resembling biemorrhagic infarction 
may follow plugging, either by an embolus or a thrombus, of branches 
of the portal vein. Instances of this occurrence in human beings have 
been reported by Osier, R^ttone, Klebs, Lubavsch, Kohler, Pitt, Zahn, 
and Chiari; the last-named having seen 17 cases, of which 15 were 
embolic. A somewhat similar condition was oiwerved by Arnold after 
retrograde embolism of the hepatic vein. Pale wedge-shaped areas 
have been observed, but in most of the cases there were circumecnbed 
dark red or reddish-brown wedge-shaped, rectangular or Jrregidar areas. 

Kohler and Chiari found that the red colour is due mainly to dilata- 
tion of the intralobular capillaries, with atrophy of the liver-cells. 
Genuine coagulative necrosis is not present. The affected areas are 
patches of circumscribed red atrophy rather than typical htemorrbagic 
infarcts. Zahn observed the same condition in a human liver after 
plugging of portal branches, and reproduced it experimentally by emboli 
of sterilised mercury injected into mesenteric veins. In his experimental 
cases the change in the liver did not begin until the eighth day, and was 
distinct after thirty-five days. It is probable that the areas do not 
undergo cicatrisation. 

Rattone's theory, based upon experiments, that occlusion of brancheB 
of both the hepatic artery and portal vein is essential for the produc__-* 
tion of infarction of the liver, is not supported by the observationSj-'^jg. 
human beings. Klebs, whose two cases followed injury of the liv^tgjj'g 
was true also of Lulwirsch's observation, attributes the '"f^fSJ patient 
extensive capillary thrombosis. Kohler considers that the , cases 
factor is combination of occlusion of branches of the porU**; ^^^^ ^ ^^■^f 
obstruction to the return flow from the hepatic veins. G*' 
that the second factor, to be added to the ]ilupging of ^ i . Fhrlich 
is feeble flow through the hepatic artery, from weaknear . .,[,■„:, which 



circiiliition. Wooldridge, by injecting coagulative tiaBue-estracts into the 
jugulur vein of the dog, cauaeJ exteneivG clotting of blood in the portal 
vein and its branches, followed by numerous hxmorrhageB and necroses 
ill the liver ; but the interpretation of these results as actual infarctions 
doea not seem to me certain, inasmuch as these extracts in toxic doeea 
produce a hiemorrhagic diathesis, and may cause necroses in various situa- 
tions independently of thromboHis. The focal necroses bo often met with 
in the liver in various infective and toxic states do not usually stand in 
any definite relation to closure of the vessels (Welch and Flexner). 

Emhdism of the arronanj arteries of tke heart. — This is far less frequent 
than thrombosis, but Marie's position, that scarcely more than one or 
two of the reported cases of coronary embolism are free from all 
criticism, seems to me too extreme. Metastatic abscesseB in the heart 
are not particularly rare manifestations of pytemia. To what extent 
they are caused by coarse infective emboli, or by the lodgment of 
isolated bacteria, or small bacterial clumps, does not appear to be estab- 
lished. The heart ranks next to the kidney as the most frequent seat 
of abscesses following intravascular injection of the pyogenetic staphylo- 
cocci in rabbits. 

Virchow, Chiari, RoIIeston, Hektoen, and others have published 
observations of bland embolism of the eoronary arteries. I have 
observed an instance in which the embolic nature of the plug seemed 
to me conclusively established. A woman, 36 years old, who had pre- 
sented symptoms of mitral insufBciency, died suddenly after a paroxysm 
of dyspncea and precordial distress lasting two or three minutes. I 
found an entirely loose grayish plug, 4 mm. long, with a rough iri'egular 
extremity, completely occluding the descending branch of the left 
coronary artery near its origin. There was no atheroma at the site of 
lodgment of the embolus, although there were a few patches in other 
parts of the coronary arteries. The segments of the mitral valve were 
thickened, retracted, and beset with both old and fresh vegetations, and 
globular thrombi were present in the left auricular appendix. There 
were also fresh vegetations upon the aortic valve. There were infarcts 
in the spleen and kidneys. There were no fibroid patches or infarction 
Id the myocardium. 

The effects of embolism of the coronary arteries are like those of 
thrombosis, which have already been considered (p. 208). 

Jiinfiolistii and Thrvmhosis of the Telirial vessels. — Plugging of the retinal 
■^'^Bsels is of general pathological as well as special Ophthalmol ogical 
gek,rest, for it is possible to observe with the ophthalmoscope the 
by ti'tory disturbances in the retina. Ischaamia and stasis follow im- 
of gan^v closure of the central artery of the retina by an embolus, 
ii'f/iifiypst with characteristic suddenness. Both the arteries and the 
ties the pcrrowed, the latter being often unequally contracted. Sub- 
emboli. Thtveins may dilate to some extent, especially in the peri- 
are essentially t.-na, and present ampulliform swellings. An interesting 
been considered iv'' appearance in the veins of an intermittent, sluggish 



Btream of broken cylindera of red torpusclBs, separated by dear spaces ; 
and by pressure on the eya-ball a aiinilarly interrupted current may 
often be made to flow throiigh arteries and veins. This appearance 
of interrupted columns of blood is evidently simitar to that observed by 
Mall and myself after closure of the superior mesenteric artery and 
previously described (p. 245). After a short time the optic papilla 
becomes pale and gray, and the retina, especially in the neighbourhood 
of the papilla and macula, assumes an opaque, grayish white, oedematous 
aspect. Hicmorrhagoa are exceptional. A characteristic ophthalmo- 
scopic appearance ta the cherry-red spot in the centre of the macula, 
caused by the red colour of the choroid shining through. There may 
be more or less return of the circulation with improvement and even 
complete restoration of vision ; but the prognosis as regards sight is 
in general unfavourable, as atrophy of the retina and of the optic nerve 
is likely to ensue. The prognosis is more favourable with embolism of 
branches of the retinal artery. Here multiple hiemorrhages usually 
occur. 

Thrombosis of the central retinal vein is distinguished from plugging 
of the artery especially by the abundant hemorrhages. With occlusion 
of the central artery the condition is aneemic infarction, and with plug- 
ging of the vein hiemorrhagic infarction. 

There is some difference of opinion as to the relative frequency of 
embolism and of thrombosis of the central retinal artery. Of 129 cases 
collected by Fischer, ninety-one had heart disease ; whereas Kern repoi'ts 
that of twelve cases in Haab's clinic only two had demonstrable cardiac 
disease ; and of eighty-three cases, collected from the records, in 66 
per cent there was no demonstrable source for an embolus. The 
latter author, therefore, regards the majority of plugs in the central 
artery of the retina as primary thrombi. The generally accepted opinion, 
however, is that embolism is more common than thrombosis of the 
retinal arteries. 

Treatment. — In the preceding pages mention has been made of tlie 
surgical treatment of hsmorrhagio irtfarclion of the intestine and of 
gangrene of the extremities ; and under " Thromlxisis " the importance of 
preventing so far as may be the separation of emboli has been empha- 
sised. The general indications in the treatment of embolism are esseu- 
tially similar to those already considered for thrombosis (p. 233). 

Wm. H. 'Welch. 
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